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INTRODUCTION 
The use of trees within an urban setting has been a major component 
of urban planning. Whether these trees were planted along the street, 
in private yards or in a park setting, problems commonly have arisen 
in transplant establishment and early growth. The most common problem, 
called "transplant shock," has been delay of the transplant tree to 
produce new and vigorous growth. This study is concerned with one as­
pect of this early growth, the development of an effective mycorrhizal 
relationship on the transplant in order to promote efficient nutrient 
uptake for optimum early growth. 
Development of mycorrhizae from soil infestations of mycorrhizal 
fungi, before or after outplanting trees, provides a means of establishing 
a symbiotic relationship known to produce growth increases (Mosse et al., 
1969; Powell, 1976b, 1977). However, mycorrhizal fungi differ in their 
ability to produce compatible mycorrhizae. Some endomycorrhizal fungi 
have a wide host range with little selectivity (Mosse, 1973). In other 
instances, mycorrhizal fungi are specific as to the host and extent 
of a positive growth response (Marx, 1977; Mosse, 1972a; Mosse and 
Hayman, 1971). Such specificity presents a problem for future in­
festations in which an ineffective fungus might be used as the mycorrhizal 
infestant for a particular host. Examining the interaction of fungus and 
host provides information that allows for proper selection of infestants. 
Selecting a fungus that stimulates a positive growth response improves 
the success potential of field infestations. 
In general, the overall study was developed to test the hypothesis 
2-3 
that the addition of mycorrhizal fungal symbionts, of known beneficial 
response, to outplanted trees will give significant increased growth 
to such outplantings. The following were the specific objectives of 
one greenhouse and 2 microplot experiments: 
1. Screen endomycorrhizal fungi for growth enhancement potential 
for trees grown in fumigated and nonfumigated soils. 
2. Test the growth enhancement potential for fungal infestations 
in fumigated and nonfumigated soils. 
3. Compare mycorrhizal fungal infestation times in nonfumigated 
soils (before or at the time of outplanting). 
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LITERATURE REVIEW 
A significant amount of literature has been compiled on mycorrhizal 
relationships and current studies are constantly expanding knowledge 
for further understanding of this symbiosis. An all inclusive review 
of mycorrhizae is not the intention of this rexiew, the focus being 
primarily on the endomycorrhizal relationship. 
To elucidate the present and to plan for the future, one often 
looks to the past. The mycorrhizal past began with Frank (1885) who 
coined the term mycorrhiza which means "fungus root." He understood 
that this intimate association of plant and fungus was beneficial for 
both organisms. However, his views were not shared by others who per­
ceived the relationship as being pathogenic [Hartig, 1886 as cited by 
Kelley (1937)]. Though Hartig's beliefs were accepted by many, 
continued research revealed that, in most cases, the coalition was 
mutually advantageous one. Through the years, the benefits of the 
mycorrhizal relationship have been discerned as reviewed in Gerdemann 
(1968), Harley (1959), Marks and Kozlowski (1973), Meyer (1974), Mosse 
(1973), Schmidt (1947) and Smith (1980). 
Types of Mycorrhizae 
Mycorrhizae have bcên dcsiguâtéd âs beiiïg ectomycorrhizal, 
ectendomycorrhizal or endomycorrhizal (Peyronel et al,, 1969). 
These morphological divisions are characterized by the ectomycorrhizae 
possessing a fungal mantle and an intercellular Hartig net and the 
ectendo- and endomycorrhizae having intracellular structures. The 
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mantle or sheath consists of fungal hyphae that often envelop the 
root tip. When cross sectioned, the mantle appears pseudoparenchymatous. 
Internal to the mantle intercellular hyphae ramify, to varying de­
grees, into the cortical region of the root to form what is called 
the Hartig net. The ectomycorrhizae often are roots changed in a 
manner that is readily visible to the unaided eye. A great number 
of the fungi involved in the formation of ectomycorrhizae are Basidio-
mycetes, witii a majority of these in the Agaricaceae and Boletaceae 
(Smith, 1971). Certain Ascomycetes, especially among the hypogeous 
ascomycetes in the Elaphomycetes and the Pezizales (Smith, 1971; 
Trappe, 1971, 1979), also can produce ectomycorrhizal relationships. 
One member of the Zygomycetes has been shown to form an ectomycorrhiza 
(Fassi et al., 1969). 
In contrast to the ectomycorrhizae, the ectendomycorrhizae have 
intracellular hyphal intrusion, a less developed mantle or none at all, 
and a less distinguishable Hartig net (Wilcox, 1971). An ectendo-
mycorrhizal relationship was observed on red pine seedlings formed 
by a different fungus than one that formed an ectomycorrhiza also 
found on the pine seedlings (Wilcox, 1971). The arbutoid (ericaceous) 
mycorrhiza, that possesses no Hartig net but features a fungal mantle 
and intracellular "haustoria," is considered ectendomycorrhizal (Lewis, 
1975; Sjiith, 1980); however; the presence of a Hartig net is considered 
a characteristic of ectendomycorrhizae (Wilcox, 1971). 
In retaining the classification scheme in which endomycorrhiza is 
one of the three mycorrhizal categories, two diverse types of mycorrhizae, 
cricoid (ericaceous) and orchidaceous, are included with the endo-
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mycorrhizae. The ericoid mycorrhiza readily produces intracellular 
coils and infrequently forms a fungal mantle (Lewis, 1975; Smith, 
1980). Pezizella ericae and Clavaria spp. are fungi capable of developing 
this mycorrhizal type (Read and Stribley, 1975). The orchidaceous 
mycorrhizae have intracellular coils but no fungal mantle (Warcup, 
1975). As the name implies, the hosts are orchids. The fungal symbionts 
are placed in the form-genus Rhizoctonia with the perfect stage in 
the Basidiomycete order Tulasnellales (Warcup, 1975). 
The most common members of the endomycorrhizal category are the 
vesicular-arbuscular (VA) mycorrhizae. The VA mycorrhizae may develop 
intercellular hyphae, intracellular hyphal coils, arbuscules or vesicles. 
The fungal component of these mycorrhizae may constitute 17% by weight 
of a heavily infected root (Hepper, 1977), but no major morphological 
changes of roots become apparent to the unaided eye [Gallaud, 1905 as 
cited in Gerdemann (1968)]. 
Arbuscules have been estimated to occupy 1% of the root volume of 
onions (Cox and Tinker. 1976). These structures have been described 
as "haustoria-like" and actually function in exchange of material 
(Cox and Sanders, 1974; Cox et al., 1975; Cox and Tinker, 1976; Gray, 
1971; Schoknecht and Hattingh, 1976). Arbuscules often are branched 
resulting in increased surface area, but they do not rupture the plasmo-
TT.embrane of the host cell (Cox and Sandersj 1976: Kinden and Brown. 
1975b). Arbuscules appear to be digested after a period of time. The 
arbuscular tips collapse initially, with deterioration progressing until 
only the base or trunk of the arbuscule remains (Cox and Sanders, 1974; 
Kinden and Brown, 1976; McLennan, 1926). The "digestion" often re-
7 
suits in the formation of granular, irregularly lobed masses that were 
originally called "sporangioles" [Cox and Tinker, 1976; Janse, 1897 as 
reviewed in Kelley (1937); Kaspari, 1973 as cited in Cox and Sanders 
(1976); Kinden and Brown, 1976; McLennan, 1926]. 
Hyphal coils also are produced intracellularly and function in a 
similar manner as arbuscules (Cox and Tinker, 1976). Hyphal coils also 
undergo a degradation that leaves collapsed hyphal walls encased by 
host membrane and wall material (Kinden and Brown, 1975a). Digestion of 
hyphal coils and arbuscules were at one time used as a means of classi­
fying VA mycorrhizae [Burgeff, 1938 as cited in Gerdemann (1968)]. 
Vesicles are another feature of VA mycorrhizae. Vesicles are 
considered the storage organs of mycorrhizae (Gallaud, 1905; Gerdemann, 
1968; Gray, 1971). Vesicles are found intra- and intercellularly within 
the root and may be terminal or intercalary. Vesicles can become 
thick walled and function as propagules called chlamydospores [Bernard, 
1911 as cited in Gerdemann (1968); Gerdemann, 1968]. Chlamydospores 
are asexual, resting spores that can develop within root tissue (Ames 
and Linderman, 1976) but usually develop terminally on external hyphae. 
They are capable of surviving in soil for many years (Gerdemann, 1955, 
1964). Viable spores germinate by a germ tube growing into the ambient 
substrate. Germ-tube growth may be stimulated towards roots by root 
exudations or specific volatiles produced by roots (Koske, 1981; 
Powell, 1976a). 
Penetration of the root begins with the development of an ap-
pressorium and a penetration peg. Upon ingress, hyphae ramify through­
out the cortical region but have not been shown to penetrate into the 
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stelar tissue (Gerdemann, 1968). The location of various VA mycorrhizal 
structures was the foundation for a taxonomic scheme developed by 
Gallaud (1905). Current taxonomic divisions are based on spore charac­
teristics: contents, wall attachment and layering, color, size and 
shape (Gerdemann and Trappe, 1974; Hall and Fish, 1979; Mosse and Bowen, 
1968). Spores may develop singly (ectocarpic) or in sporocarps (endo-
carpic) that appear as loose or tightly bound aggregations of spores 
(Gerdemann, 1961, 1965; Gerdemann and Trappe, 1974; Godfrey, 1957; 
Mosse, 1956; Niçois on and Gerderiann, 1968). 
VA mycorrhizal fungi are placed in the Zygomycetes, family 
Endogonaceae, that includes nine genera at the present time. Only 
one genus, Endogone, has been shown to have a sexual stage. The genus 
Endogone is thought to form ectomycorrhizae. The remaining genera, for 
the most part, form endomycorrhizae. The various genera can be divided 
into three groups: the chlamydosporic genera are Complexipes (Walker, 
1979), Glaziella [Berkeley, 1879-80 as cited in Gerdemann and Trappe 
(1974)], Glomus [Tulasne and Tulasns, 1845 as cited in Gerdemann and 
Trappe (1974)] and Sclerocystis [Berkeley and Broome, 1875 as cited 
in Gerdemann and Trappe (1974)]; the azygosporic genera are Acaulospora 
(Gerdemann and Trappe, 1974), Entrophospora (Ames and Schneider, 1979) 
and Gigaspora (Gerdemann and Trappe, 1974); and the one sporangial genus 
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Host Range 
The fungal symbiont for VA mycorrhizae does not encompass a great 
number of diverse fungi. On the other hand, the host symbiont can in­
clude plant species from any of 95% of all terrestrial plant families. 
The ubiquitous nature of endomycorrhizae creates a situation in which 
it is more convenient to name those groups of plants that do not possess 
this sybmiosis than to list those that do. Some members of the 
Chenopodiaceae, Cruciferae and obligate aquatics are those that ap­
pear not to form mycorrhizae. Endomycorrhizae are found in Angiosperms, 
Gymnosperms, Bryophytes and Pteridophytes. A number of forest and 
shade tree genera such as Fraxinus (ash), Platanus (sycamore), Ulmus 
(elm), Acer (maple), Juglans (walnut), Liriodendron (tulip-tree) and 
Liquidambar (sweetgum), have species that develop VA mycorrhizae (Marx, 
1977). The Populus (poplar) genus also is among those that develop VA 
mycorrhizae (Lohman, 1927; Vozzo, 1969; Vozzo and Hacskaylo, 1974). 
An endomycorrhizal fungus can have a diverse host range, i.e., 
Glomus fasciculatus Thaxter sensu Gerdemann forms VA mycorrhizae 
with maize and tulip-trees (Gerdemann, 1965). Host specificity and 
efficacy varies among endomycorrhizal fungi as reflected in the growth 
response of the host and mycorrhizal development (Mosse, 1972a, 1973). 
In some instances, a host may show a selective response to only one 
fungus (Mosse, 1973), while in other cases, a host may respond in a 
similar manner to a greater diversity of endomycorrhizal fungi (Daft 
and Nicolson, 1966; Gilmore, 1971; Mosse and Hayman, 1971; Mosse 
ec al., 1969). Differences in growth of various tree species when 
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several endomycorrhizal fungi were used as inocula has suggested that 
host specificity to the fungi may explain the variability in host 
responses (Schultz et al., 1981). The specificity or effectiveness of 
a particular fungus may be related to its response to edaphic factors 
(LeTacon et al., 1979; Mosse, 1972b) and not entirely to the intensity 
of infection (Fardelmann, 1981; Mosse, 1972b). 
Methods 
The determination of infection, host range, and taxonomy has been 
dependent on methods that have allowed researchers to extract spores 
from soil and to stain fungal structures within roots of host plants. 
The collection of spores of endomycorrhizal fungi has entailed the 
development of various techniques designed to effectively remove spores 
from soil. One of the first and most frequently used methods is wet 
sieving and decanting aliquots of soil. This process usually begins 
with soil being placed in a bucket of water followed by stirring. 
After several seconds the suspension is poured through a series of 
sieves, the smallest-meshed sieve retaining the spores (Gerdemann, 
1955; Gerdemann and Nicoison, 1963). Other methods have included 
the use of sugar and gelatin density gradients that were developed to 
facilitate separation of spores and soil (Mosse and Jones, 1968; Ohms, 
1957). An extraction process that provides a "clean" sample is a 
sugar-centrifugation technique that was originally designed for nematode 
extraction (Jenkins, 1964). An accurate reflection of the spore popula­
tion of a particular soil is dependent upon an effective extraction 
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procedure. This becomes more important because some researchers view 
the number of spores as a measure of infection (Daft and Niçoison, 1972; 
Hayman, 1970). Others have found no correlation between the number of 
spores and root infection (Redhead, 1971). With little or no variation 
in external appearance between an endomycorrhiza and an uninfected 
root, endomycorrhizae usually are determined by microscopic observa­
tion. Methods of clearing and staining whole root segments have given 
visual evidence of infection (Gerdemann, 1955; Nicoison, 1959; Phillips 
and Hayman, 1970). Recent modifications to procedures have been made 
to replace some of the more toxic compounds (Kormanik et al., 1980b). 
Other procedures have included the measurement of pigment in onion roots 
(Becker and Gerdemann, 1977b) and a colorimetric technique employed by 
Hepper (1977) that measures total chitin. An evaluation of several of 
these methods was given in a review by Giovannetti and Mosse (1980). 
The assessment of mycorrhizal infection whether by percentage infec­
tion (Daft and Nicoison, 1966) or by number of endogonaceous spores 
(Daft and Nicoison, 1969a) has been viewed as an evaluation of the 
benefit imparted to the plant (Daft and Nicoison, 1972). 
Benefits 
Unless otherwise stated, the remainder of this review will deal 
exclusively with endomycorrhizae, the associated fungi and their hosts. 
The mycorrhizal relationship has been viewed by some researchers 
as mutualism while others have regarded the association as reciprocal 
parasitism (Hacskaylo, 1972). Melin [1925, as cited in Meyer (1974)] 
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viewed the development of the ectomycorrhizal relationship as one of 
reciprocal exploitation. For the most part, mycorrhizae have fostered 
a reciprocal benefit. A manifestation of this benefit for the plant 
was increased plant growth (Baylis, 1967, 1970; Bryan and Kormanik, 1977; 
Crush, 1974; Daft and Nicolson, 1966; Gerdemann, 1964, 1965, 1968; 
Kleinschmidt and Gerdemann, 1972; Kormanik et al., 1976; Mosse, 1957, 
1973; Mosse and Hayman, 1971; Powell, 1976b; Saif and Khan, 1977; 
Schultz et al., 1981). Such a response was often the result of greater 
absorption of various nutrients (Baylis, 1967, 1970; Daft and Nicolson, 
1969b; Gerdemann, 1964, 1968; Jackson et al., 1973; Mosse, 1957, 1973; 
Ross, 1971). In some cases, an essential component for normal growth 
and survival was supplied (Clark, 1969; Daft et al., 1975; Kleinschmidt 
and Gerdemann, 1972; Marx, 1977). The greater absorptive capacity was 
usually attributed to the expansion of the assimilative surface of the 
organ by the extramatrical hyphae (Baylis, 1970), 1972; Gerdemann, 
1965; Hayman and Mosse, 1971; Sanders and Tinker, 1971). The weight 
of the extramatrical hyphae has been estimated to be 1 to 6% of the 
root fresh-weight (Bevege et al., 1975; Bowen et al., 1975). The 
function of extramatrical hyphae is thought to parallel that of root 
hairs, and those plants with few or no root hairs were suggested as obli­
gate mycotrophs under conditions of phosphorus deficiencies (Baylis, 1970). 
Increased absorption of all minerals may not occur. Research 
has been contradictory for some elements with increases in absorption 
in some cases and not in others (Deal et al., 1972; Gerdemann, 1964; 
Kolevas, 1966; Mosse, 1957; Powell, 1975; Ross, 1971). 
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Several elements have been found consistently to be in greater 
abundance in mycorrhizal plants. Sulfur has been demonstrated to be 
present in greater amounts in mycorrhizal plants (Gray and Gerdemann, 
1973; Rhodes and Gerdemann, 1978). Copper and zinc were found generally 
to be in greater concentrations in mycorrhizal plants (Gerdemann, 1964; 
Gilmore, 1971; Gray and Gerdemann, 1973; Lambert et al., 1979b; Ross, 
1971). Though other elements have been found to be absorbed in greater 
amounts by mycorrhizae, phosphorus (P) has shown great consistency 
and has fostered a great amount of interest (Baylis, 1967, 1970; Daft 
and Nicolson, 1969b; Gerdemann, 1968; Gray, 1971; Hall et al., 1977; 
Hayman, et al., 1975; Holevas, 1966; Johnson, 1976; Malajczuk et al., 
1975; Mosse et al., 1973; Ross, 1971; Sanders, 1975; Sanders and Tinker, 
1973; Sanders et al., 1977). The elements that are most limiting in 
soil are usually the most affected by mycorrhizal absorption (Klein-
schmidt and Gerdemann, 1972). Phosphorus, that is relatively immobile, 
is a good example; consequently, in P-deficient soil, depletion zones 
develop around roots. Subsequently, the augmented absorption system 
with mycorrhizae magnifies the opportunities for P absorption (Baylis, 
19 72; Kessler, 1966; Mosse, 1973; Mosse et al., 1973; Sanders and Tinker, 
1971, 1973). This increase in surface area has been demonstrated with 
Glomus fasciculatus that forms endomycorrhizae with onion (Hattingh et al., 
32 
19/3). Labeled phosphorus ( r) was absorbed 27 mm from an onion "root." 
Continued research provided evidence that the endomycorrhizae increased 
the absorptive zone of the onion plant for P to a conservative 7 cm 
while an uninfected root had a P absorptive zone of 1-2 mm (Rhodes and 
Gerdemann, 1975). The assimilation of P was thought to be greater for 
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mycorrhizal plants because the external hyphae provided an increased 
number of sites for uptake (Cress et al., 1979), thereby lowering the 
threshold for P absorption (Mosse et al., 1973), After entry into 
hyphae, phosphorus existed as polyphosphate granules (Callow et al., 
1978; Cox et al., 1975, 1980; White and Brown, 1979) that can be 
translocated by cytoplasmic streaming to internal mycorrhizal structures 
(Cox and Tinker, 1976; Cox et al., 1980). The transfer of P from 
fungal to host tissues has been suggested to occur by leakage of P from 
fungus into free space followed by host cell assimilation^ The transfer 
of P through structures such as arbuscules, intercellular hyphae or 
intracellular hyphal coils has been considered an active process of 
exchange (Cox and Tinker, 1976; Kinden and Brown, 1975b). The digestion 
of the intracellular structures of hyphal coils and arbuscules has been 
suggested as another avenue of exchange (Kessler, 1966; Kinden and Brown, 
1975a, 1976; Lewis, 1973). 
The increase in P absorption has led to the speculation and sup­
portive research that hyphae were able to assimilate forms of P not 
available to nonmycorrhizal roots (Daft and Nicolson, 1966; Hayman and 
Mosse, 1971; Murdoch et al., 1967; Powell and Daniel, 1978). However, 
other researchers demonstrated that mycorrhizal and nonmycorrhizal 
plants utilize the same fraction of soil phosphorus (Barrow et al., 
1977; Hajisan and Mosse, 1972; Mosse et al., 1973; Pairunan et al,, 
1980; Sanders and Tinker, 1971, 1973). 
Mycorrhizae, by facilitating the uptake of F, provide other 
benefits to plants. Increases in P absorption reduce the resistance to 
water flow; thereby, providing greater drought resistance to mycorrhizal 
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plants (Allen and Boosalls, 1981; Safir et al., 1971, 1972). 
The loss of soil nitrogen from soil, like the immobility of P, 
presents a nutritional problem to plants. Losses of ammonia and nitrate 
from temperate forest soils were found to be less in soils where sweet-
gum (Liquidambar) seedlings had mycorrhizae than when the seedlings were 
uninfected (Haines and Best, 1976). Nitrate has been demonstrated to be 
reduced by two VA mycorrhizal fungi (Ho and Trappe, 1975). This further 
adds to the advantageous potential of this symbiosis. 
To sustain the mycorrhizal coalition, the mycobiont receives carbo­
hydrates from its host (Bevege et al., 1975; Ho and Trappe, 1973; 
Woolhouse, 1975). Labelled carbon (^^C) has been shown to move from 
host to fungal spores (Ho and Trappe, 1973) and mycelium where it can 
be detected in lipids (Cox et al,, 1975). Kucey and Eldor (1981) 
found that the endomycorrhizae in a 5- to 6-week-old plant utilized 
127o of the carbon fixed. 
Interaction 
Another aspect of this symbiosis is the influence that mycor­
rhizae, mycorrhizal fungi, and other soil organisms have upon one another. 
Endomycorrhizae have been shown to decrease the number of galls caused 
by Meloidogyne incognita (Kofoid and White) on soybeans while increasing 
root weights and yield over those plants only infected with the nematode 
(Kellam and Schenck, 1980). Other researchers have found that in­
creased growth resulting from mycorrhizae inhibited nematode infection 
and reduced stunting and production of galls (Bagyaraj et al., 1979; 
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O'Baimon and Nemec, 1979; Roncadori and Hussey, 1977; Schenck et al., 
1975b). The deposition of lignin into cell walls of the endodermis and 
stele was enhanced in mycorrhizal plants and subsequently increased 
the resistance to Fusariim wilt in tomato plants (Dehne and Schoehbeck, 
1979). 
The relationship of endomycorrhizal fungi with other soil inhabiting 
organisms surely involves an enormous array of associations. One such 
association has been that with various root pathogens (Baltruschat and 
Schoenbeck, 1975; Dehne and Schoenbeck, 1979; Iqbal et al., 1977). 
Mycorrhizal onions were invaded to a lesser degree than nonmycorrhizal 
plants (Becker, 1976). Effective colonization of citrus roots by 
mycorrhizal fungi reduced the extent of rot caused by Phytophthora 
parasitica Dast. (Schenck et al., 1977). 
The bacteria and fungal interaction of Rhizobium species and endo-
mycorrhizal fungi in legumes has increased growth and yield (Bagyaraj 
et al., 1979; Crush, 1974; Daft and El Giahmi, 1974, 1976; Godse et al., 
1978: Mosse et al., 1976; Smith and Daft, 1977). The interaction of 
endomycorrhizal fungi with solubilizing bacteria in low P-soils has 
been viewed as an important soil association (Barea et al., 1975). 
Antagonistic relationships exist with mycophagous nematodes (Shafer 
et al., 1981). Hyperparasitism poses a problem to the application of 
VA mycorrhizal fungi by causing a reduction of inoculum potential of the 
Endogonaceae in soil (Bowen, 1978; Daniels and Menge, 1980; Ross and 
Ruttencutter, 1977). 
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Detriments 
As stated previously, generally the mycorrhizal relationship is 
one where both organisms benefit. However, under certain circumstances, 
this coalition may be no significant benefit or an actual detriment to 
the host (Crush, 1976; Davis et al., 1979; Gerdemann, 1968; Hall, 1977; 
Hall et al., 1977; Johnson, 1976; Ross, 1972). Growth depression has 
been noted for plants under low light intensities when the supply of 
photosynthates was reduced to a point where the fungal component became 
a drain on the system (Cooper, 1975; Daft and El Giahmi, 1978; Furlan 
and Fortin, 1973; Hayman, 1974). The dependency of some plants on this 
relationship could be negated by providing an adequate supply of P. 
When added P is increased continually, the mycorrhizae could become a 
"luxury" and growth could actually be less for the mycorrhizal plant 
(Baylis, 1967; Cooper, 1975; Crush, 1976; Daft and Nicolson, 1969b; 
Holevas, 1966; Hall et al., 1977; Khan, 1971, 1972; Mbsse, 1973; Murdoch 
et al., 1967; Ross, 1971). 
In some instances the increase in P absorption resulting from a 
mycorrhizal relationship could lead to a greater incidence of disease. 
Such was the case with Verticillium wilt of cotton where under low 
P conditions, the disease was more severe on mycorrhizal plants while 
under high applications of P (300 ug/g of soil), the Verticillium wilt 
was equally severe in mycorrhizal and nonmycorrhizal plants (Davis 
et al., 1979). Mycorrhizal avocado seedlings were affected more severely 
by Phvtophthora cinnamomi than noimiycorrhizal seedlings (Davis et al., 
1978). Other reported examples of decreased growth in mycorrhizal 
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plants were a stunt disease of tobacco possibly caused by G. macrocarpus 
(Hendrix, 1981) and growth depression by Gigaspora gigantea and 
Heterodera solanacearum (Fox and Spasoff, 1972). 
Factors Influencing Fungal Infection 
The development and maintenance of mycorrhizae is dependent on a 
variety of factors that affect mycorrhizae directly or indirectly 
through effects on host or fungus. The fertility of the soil can 
influence the association. The level of phosphorus in soil is an 
influential factor in mycorrhizal development. Increases in available 
P decreased the internal development of mycorrhizae, spore production 
and the fungal infection process (Crush, 1976; Holevas, 1566; Mosse, 
1973). As P levels increased, a decrease in membrane permeability and 
a corresponding decline in root exudation became evident (Ratnayake et al., 
1978). Under low P levels exudates were available for endomycorrhizal 
fungi, for sustaining initial growth of germ tubes. Nitrogen levels in 
3 ux X aj.oxj wciii. wc x uc 11 i_xc& X do lix. ux v/^cii x^x ux XX UJLV/&1 x u.wcv.1. 
mycorrhizal infection in the field (Hayman, 1970, 1975). 
The maintenance of mycorrhizae was shown clearly to be dependent 
upon the supply of photosynthates that can be directed to the mycorrhizae 
(Daft and El Giahmi, 1978). The reduction in photosynthates during low 
light intensities decreased development of arbuscules but increased 
longitudinally growing intercellular hyphae. The inverse occurred under 
high light intensities (Hayman, 1974). High light intensities usually 
increased the development of mycorrhizae and fungal spore formation 
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(Daft and El Giahmi, 1978; Furlan and Fortin, 1977; Hayman, 1974; Schenck 
and Schroder, 1974; Schenck et al., 1975a). Shading was shown to de­
crease mycorrhizal development and subsequent fungal spore formation 
[Bevege, 1972 as cited in Mosse (1973); Redhead, 1971]. Shading also 
created a photosynthate drain on the plant through existing mycorrhizal 
utilization of photosynthates (Hayman, 1974). 
Edaphic factors that have been demonstrated to influence mycorrhizal 
development have been pH and temperature (Furlan and Fortin, 1973; Green 
et al., 1976; Hayman, 1974; Schenck and Schroder, 1974). Different 
species of endomycorrhizal fungi germinate at different pH levels there­
by contributing to fungal distribution and host range (Green et al., 
1976). Mycorrhizal infection has been more frequent at higher tempera­
tures; i.e., summer months in temperate climates (Furlan and Fortin, 
1973; Green et al., 1976; Hayman, 1974; Schenck and Schroder, 1974; 
Smith and Bowen, 1979). 
Soil aeration or moisture levels can have a dramatic effect on 
mycorrhizae. Maximum germination of G. epigaeus was at or above field 
capacity (Daniels and Trappe, 1980). Greater development of mycorrhizae 
under water deficient conditions was found with sorghum (Sieverding, 
1979). Mycorrhizae often become established, during dry periods, on 
plants that grow under continual inundation [Asai, 1943 as cited in 
Mosse (1973); Iqbal at al., 1975; Keeley, 1980]. Under water-logged 
conditions, spore production often was reduced (Redhead, 1971). Trees 
commonly associated with periodic and continual inundation became 
mycorrhizal when drier conditions prevailed (Keeley, 1980; Warnke, 
1978). 
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The actions of humans through applications of fertilizers and 
pesticides have proved to be an influential factor. Certain fungi­
cides have been shown to decrease mycorrhizal infection and develop­
ment and fungal sporulation (Jalali and Domsch, 1975; Nemec, 1980; 
Nesheim and Linn, 1969; Rhodes and Larsin, 1979). Tha application of 
fungicides and soil compaction at a lawn site could be of importance 
in mycorrhizal development. Compaction could reduce the efficacy of the 
ectomycorrhizae by reducing external mycelial growth (Skinner and 
Bowen, 1974). This also might occur with extramatrical hyphae of 
end omycorrhi zae. 
Application 
Numerous attempts have been made to grow the VA mycorrhizal fungi 
on artificial media. Unfortunately, these attençts have met with only 
limited success (Barret, 1958; Mosse, 1956). Spores have been observed 
to germinate readily under a variety of conditions, but sustained growth 
did not occur once the endogenous food source of the spore had been ex­
hausted or the expanding hypha was severed from the spore (Butler, 1939; 
Gerdemann, 1955; Gerdemann and Nicolson, 1963; Godfrey, 1957; Jones, 
1924; Mosse, 1956, 1959). Mosse (1962) managed to establish a VA 
mycorrhiza after germination and infection from a surface sterilized 
spore. 
Endomycorrhizal fungi have been manipulated in order to build 
up fungal material (spores). A method for increasing inocula has been 
the germination of spores in sterile soil mix within which host (nurse) 
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plants are grown (Gilmore, 1968; Mosse, 1961). This culture usually is 
referred to as a pot culture. The selected host becomes raycorrhizai and 
subsequent mycorrhizal fungal spore production often follows. The use 
of spores or infected root segments are the means of infesting a soil 
or artificial potting mix with endomycorrhizal fungi (Daft and Nicolson, 
1969a; Gerdemann, 1964; Gray, 1971; Jackson et al., 1972; Mosse, 1957, 
1973; Murdoch et al., 1967). The culturing and inoculation of the 
mycorrhizal fungi provides the mechanism for the practical application 
of mycorrhizal technology. Stunting of citrus in fumigated soils with 
fertilization not totally overcoming such poor growth was counteracted 
when the introduction of endomycorrhizal fungi substantially stimulated 
growth (Kleinschmidt and Gerdemann, 1972). The application of endo­
mycorrhizal fungi had an obvious benefit when the infestations oc­
curred in fumigated soil (Kleinschmidt and Gerdemann, 1972; Marx, 1977). 
The fumigation process usually results in the elimination of mycorrhizal 
fungi with the recolonization of soil being slow because spores of endo­
mycorrhizal fungi are not wind-disseminated. 
Soil fumigation is a common practice in cash crop production and in 
tree nurseries. The infestation of fumigated and autoclaved soil with 
endomycorrhizal fungi increased growth and production in a wide variety 
of plants [Asai, 1943 as cited in Mosse (1973); Gerdemann, 1964; Gil-
more, 1971: Kleinschmidt and Gerdemann. 1972: Kormanik et al., 1976: 
Lambert et al., 1979a; Marx, 1977; Mosse et al., 1969; Riffle, 1977, 1980; 
Schultz et al., 1979; Timmer and Leyden, 1978]. In nurseries the re­
introduction of endomycorrhizal fungi led to dramatic growth responses 
for certain tree species (Riffle, 1977, 1980; Schultz et al., 1981/. 
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The establishment of endomycorrhizae with sweetgum provided for normal 
growth in fumigated nursery soil (Marx, 1977). Marx (1977) also 
demonstrated a significant growth increase for green ash, white ash, 
boxelder and black cherry over noninfested controls in fumigated 
soils. Nonmycorrhizal seedlings usually became mycorrhizal after 
several months when roots grew below the zone of effective fumigation. 
The seedlings remained smaller because of the delay in growth 
stimulation (Marx, 1977). Sweetgum in fumigated soils did not 
develop past the primary leaf stage in P deficient soil unless mycor-
rhizae were established. However, in nonfumigated soils, with develop­
ment of mycorrhizae, seedlings outgrew trees that had become mycorrhizal 
when inoculum was introduced into fumigated soils (Marx, 1977). Though 
applications of fertilizer have been shown to overcome reduced growth 
of nonmycorrhizal plants (Daft and Nicolson, 1966), under high P levels 
certain species of mycorrhizal seedlings were significantly larger 
than nonmycorrhizal seedlings (Schultz et al., 1981). 
The application of endcmyccrrhizal fungi has not been limited to 
those soils that have been fumigated or autoclaved (Kleinschmidt and 
Gerdemann, 1972; Mosse and Hayman, 1971; Mosse et al., 1969). The use 
of endomycorrhizal fungi led to studies involving preplant mycorrhizal 
formation and soil infestation for the improved growth of both herbaceous 
cixici on ss^oiLXs 3Tid 00*^30*^ 
et al., 1975; Marx, 1977). Low levels of inoculum coupled with the pos­
sibility of a noneffective mycobiont produced a need for introducing a 
mycorrhizal fungus (Aldon, 1975; Daft et al., 1975; Kleinschmidt and 
Gerdemann, 1972; Kormanik et al., 19bOa; Lindsey et al., 1977; Marx, 
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1977; Menge, 1979; Mosse, 1973, 1975; Timmer and Leyden, 1978). In 
strip-mine spoils mycorrhizal sycamore trees (after infestations with 
G, mosseae) had a greater survival percentage than nonmycorrhizal trees, 
but in some instances the nonmycorrhizal trees were greater in height 
(Marx, 1977). 
Field soil infestation with mycorrhizal fungi with field crops 
have produced varying responses. The greatest responses have been with 
cereals (Khan, 1975), with potatoes (Black and Tinker, 1977), with soy­
beans (Ross and Harper, 1970) and with cotton (Rich and Bird, 1974), 
A 50% increase in corn yields after fungal infestation over the yield 
of corn grown in noninfested soil has been observed (Jackson et al. , 
1972). Infestations on a field scale may be of benefit with maize and 
wheat, especially on P-deficient soils or where native inoculum levels 
are low because of previous cropping history or adverse soil conditions 
(Khan, 1975). The introduction of a more effective fungus has been 
demonstrated in pot culture and in the field (Hall, 1980; Hayman et al., 
1975; Jackson et al.. 1972a; Kleinschmidt and Gerdemann, 1972; Kormanik 
et al.,1980a; Mosse, 1972a; Mosse and Hayman, 1971; Nemec and Patterson, 
1981; Powell, 1976b, 1977). The efficacy of a fungal strain has been 
speculated to be more dependent on the soil interaction than on a 
particular host (Mosse, 1973). In carbonated soil, the introduced 
fungus G. mosseae was more efficient for increasing the nutritional 
status of Norway maple than natural microflora; on acid soils, the 
opposite was true (LeTacon et al., 1979). With white ash, green ash and 
black cherry, trees growing in natural soil gave a significant growth in­
crease over soil with one or two introduced fungi (Marx, 1977) . In a separate 
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study, sweetgum grown in natural soil outgrew those trees infested with 
G. mosseae and was 54 times heavier (total dry weight) than the non-
iiiycorrhizal seedlings. Indigenous mycorrhizal fungi were Hore likely to 
be adapted and possibly more effective than introduced fungi (Lambert 
et al., 1980; Mosse, 1972b). This may not be true always, as Mosse (1975) 
states "... nonindigenous endophytes can be introduced into both ir­
radiated and unsterile soil, they can become established in conçetition 
with the indigenous endophytes, and can improve plant growth." 
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MATERIALS AND METHODS 
Field Study 
Roots from black maple (Acer nigrum Michx. f.)> green ash 
(Fraxinus pennsylvanica Marsh.), American sycamore (Platanus occi-
dentalis L.), eastern cottonwood (Populus deltoides Bartr.) and black 
walnut (Jug1ans nigra L.) were collected from lawn sites and later 
examined. Roots of black maple, American sycamore, eastern cottonwood 
and green ash were removed from Pammel Woods and later examined. 
Roots were extracted from trees in the lawn site by removing any 
sod and placing it to the side for orderly replacement, thereby mini­
mizing site disturbance. Root extraction holes were dug on opposite 
sides of the tree, at 2 sites approximately 1 m from the tree base. 
These trees were selected because of their distance from other trees, 
thereby increasing the likelihood of removing the respective tree roots. 
For further assurances, lateral roots were traced to larger roots that 
could be identified as coming from the tree in question. This process 
did noc work well for black walnut because large lateral roots grew 
too deeply. Isolating walnut trees from other walnuts and the distinct 
odor of these roots provided the necessary assurance that the roots 
being extracted were from the selected trees. 
Roots collected from trees in the wooded area were removed in a 
similar manner with care taken to trace the roots to a lateral that could 
be traced to the respective tree. Roots were transported to the 
laboratory for cleaning and placing in FAA (90 parts 70% ethanol/ 
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5 parts glacial acetic acid/5 parts formaldehyde). Roots (1-cm seg-
D 
ments) were cleared in 107= KOH, placed in 10% Clorox for 2 hr. and 
rinsed in tap water 3 times. Roots were acidified in 1% HCl for 15 
min., stained for 3 hr. at room temperature with 0.5% aniline blue in 
lactophenol and destained in lactophenol until microscopically examined. 
The percentage of infection was determined for 50 root segments per 
tree. The intensity of infection also was determined using the 43X 
objective lens. If 75% of cells were in contact with a mycorrhizal 
structure, intensity of infection was designated as heavy (H); 60 to 
75%, moderately heavy (MH) ; 40 to 60%, moderate (M) ; 20 to 40%, lightly 
moderate (LM) ; 5 to 20%, light (L) and less than 5%, very light (VL). 
Structural observations were made at this time. 
1979 Microplot Study 
Microplot 
A microplot used in mycorrhizal research often has consisted of an 
assembled 'box' placed on che soil surface and containing media for 
plant growth. In previous studies, the box has been constructed from 
wood (redwood or Douglas fir plywood) and was not designed for long lasting 
use. Metal concrete forms for microplot sides eliminated the lack of 
"box" durability. The concrete forms consisted of 4 metal plates 
that measured approximately 1.2 m x 1,2 m x 0.6 m and were fastened 
together to form an open square (upper and lower faces). The used 
forms were purchased from the Economy Form Company (EFCO) in Des Moines, 
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Iowa. These forms were relatively inexpensive because of holes (that 
were patched with heavy "duct" tape) in the walls of the plates. The 
cost per form (including 4 metal plates and 4 corner plates to allow 
for 16 clamps to fasten the assemblage together) was approximately $60. 
The time for assembly was approximately 10 min. per plot. 
The microplots were assembled at the Hines Research Farm located 
north of Ames, Iowa. Because of space limitations, the microplots 
were arranged parallel to a line of trees that bordered the Skunk 
River. The close proximity of the microplots to the trees (6 m) war­
ranted splitting the line of microplots into 2 groups to minimize 
shading. 
After the microplots were arranged, soil beneath each microplot 
was spaded to foster better penetration of the fimigant and to lessen 
the possibility of contamination from below. Pea gravel and 1/2 in. 
gravel were added to a level of 25 cm . The gravel allowed 
for proper drainage and prevented roots of test plants from growing 
into the soil beneath the plots. The gravel and a Nicollet-Webster 
type soil were purchased from the Hallet Construction Company, Ames, 
Iowa. The soil was placed into the microplots to a depth of 46 cm. 
As the soil was poured slowly into the microplots, larger soil aggregates 
were broken to reduce the potential for ineffective penetration during 
fumigation. Tv.'slve of the microplots were fumigated with methyl 
bromide. Methyl bromide (Brom-o-Gas ) was provided by the Great 
Lakes Chemical Corporation, West Lafayette, Indiana. One canister 
of methyl bromide would fumigate effectively 9.3 m" to a depth of 
3n 15 cm. One canister was sufficient for the volume of soil (.68 m ) 
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for each microplot. All 12 microplots were treated in the same maimer 
with 12 holes being made in the soil to facilitate dispersal of fumi­
gant. 
A fiberglass "dinner" tray was placed on the soil and a can of 
fumigant was set onto a device designed to puncture the can and allow 
for complete removal of liquid, the tray retaining the liquid for 
volatilization. The puncturing apparatus consisted of 4, 15-cm 
supporting nails driven into a 2-cm thick board (measuring 8 cm x 8 cm) 
and another smaller 4-cm "puncturing" nail driven into the middle 
area among the other 4 nails. The can was placed between the sup­
porting nails and onto the "puncturing" nail. This assemblage was 
covered with a 6 m x 6 m section of black plastic. The black plastic 
increased the temperature, thus increasing movement of the gas. The 
edges of the plastic at the soil were sealed by placing soil onto the 
plastic. (Cans of methyl bromide were punctured by forcing the cans 
down onto the nails.) The 3 microplots not fumigated also were covered 
with black plastic. After 48 hr,, the plastic was remcved and the 
microplots were allowed to aerate for 72 hr. before planting trees. 
Design 
A split-plot design in which whole plots were divided into sub­
plots was used for this study. The whole plot in this case was the micro-
plot to which one of 5 treatments was applied. Treatments were as 
follows: 3 mycorrhizal fungal treatments using the fungi specified 
previously; 1 control treated with the filtrate from the pot cultures; 
and a nonfumigated treatment where only the seedlings were added to the 
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microplot. Each treatment was replicated 3 times, totaling 15 micro-
plots. Microplots were divided into subplots of 3 tree species. 
With each tree species replicated 3 times, a total of 9 planting sites 
were prepared for each plot (microplot). 
Treatments were assigned randomly to microplots. The trees in 
each microplot were arranged randomly. 
Planting 
Preparations for planting began several months earlier when seeds 
of selected tree species were stratified in the Forestry Greenhouse, 
Iowa State University campus. Seeds of white ash (Fraxinus americana L.), 
black walnut (Juglans nigra L.) and sugar maple (Acer saccharum Marsh.) 
were obtained from the Iowa State Conservation Commission Nursery south 
of Ames, Iowa. Seeds were surface sterilized. The black walnut seed 
surfaces were exposed for 30 min. in 30% hydrogen peroxide while white 
ash and sugar maple seeds were exposed for 15 min. The seeds were 
stratified as outlined in "Seeds of Woody Plants in the United States" 
(U.S.Û.A., 1974). After stratification, white ash, black walnut and 
sugar maple seeds were planted in flats of autoelaved sand. Upon 
germination, black walnut seedlings were removed and planted into 2-gal. 
black plastic pots containing autoclaved sand, 5 trees per pot. The 
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coarse river sand contained in a galvanized "garbage" can (.047 m ) 
was autoclaved for 6 hr. at 57 C and 15 psi. Because of poor germination 
of sugar maple seeds, the poplar clone NC 5326 (DN-34, Populus x 
euramericana 'Eugenii') became an alternate choice. Hardwood cuttings 
taken from trees at Kines Farm were placed in Jiffy peat plugs and 
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placed in a mist bay. After 4 weeks, enough cuttings had developed 
adequate root systems for planting into microplots. Seedlings were 
taken directly from the greenhouse and planted in the microplots. 
Seedlings of white ash and black walnut were planted on 12 June; the 
poplar cuttings were planted on 19 June. Because seedlings were not 
"hardened-off," it was necessary to cover the plants with 2 layers 
of cheesecloth held by bamboo stakes to enhance seedling survival. 
The procedure was successful when no tree mortality could be at­
tributed to shock of outplanting. Seedlings were watered on a regular 
schedule, every other day for a week, then 2 days a week for 2 weeks 
until 12 July. The cheesecloth was removed on 29 June for black wal­
nut, 2 July for white ash and 12 July for poplar. 
Fungal infestation of soil 
Those endomycorrhizal fungi that were known associates with the 
experimental trees and others that were not known as symbionts were 
selected from available mycorrhizal fungal pot cultures. Pot cul­
tures were obtained by growing Sorghum sp. and P. x euramericana 
(NC 5323) in steamed soil or autoclaved potting mix that had been 
infested previously with spores of known endomycorrhizal fungi. In­
fected roots and the resulting spores provided the infestation 
material. Pot cultures of Glomus fasciculatus Thaxter sensu Gerdemann 
(Pot Culture ISU #161, 'Isolate 1'), G. fasciculatus (Pot Culture ISU 
#182, 'Isolate 2') and G. etunicatus Becker & Gerdemann (Pot culture 
ISU #190) were selected because of their purity (Figure 8). The purity 
(uniformity) of a pot culture was assessed by taking 4, 100-gm aliquots 
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from a pot culture and extracting spores. Extraction was performed by 
using a sucrose-centrifugation technique (page 34). Identify of the 
spores was confirmed by Dr. Chris Walker^. Those cultures selected for 
use were watered thoroughly and a leachate collected for future use. 
The culture pots were dissected, leaving the upper 5 cm to maintain 
the culture. The remaining soil and roots were taken to the laboratory 
for thorough hand mixing of the soil. Aliquots of 125 gm and 200 gm 
were placed in plastic bags and stored at 4 C. On the following day, 
soil infestation of microplots began: 12 June for black walnut and 
white ash trees. The infestant was placed in the hole created for 
the seedling. The large root mass of black walnut warranted a greater 
amount of infestant, 200 gm in order for it to encompass the root 
system. Some of the infestant was placed at the bottom of the hole 
and as soil was being placed around the seedling, the remaining material 
was placed adjacent to the root system. Control microplots were infested 
with 125 ml of filtrate along with approximately 100 ml of sand. The 
filtrate was the leachate that had been taken from the pot culture and 
filtered through Whatman Number 1 filter paper. The filtrate was de­
signed to provide a sample of the microflora from the pot culture with­
out risking possible contamination with mycorrhizal fungi. The filtrate 
had been stored in a refrigerator at 4 C for 48 hr. This same procedure 
for infestation was repeated 7 days later for the poplar rooted cuttings. 
The 3 nonfumigated microplots were not infested and allowed for the 
effect of indigenous mycorrhizal fungi on planted seedlings; whether or 
^Forestry Commission, Northern Research Station, Roslin, Midlothian, 
Scotland. 
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not root infection and later growth enhancement would occur. 
Soil fertility and pH were examined after planting. Phosphorus 
level was calculated from 8 samples taken from 2 of the 15 microplots. 
The concentration of phosphorus was determined using a Technicon 
Autoanalyzer (Technicon, Int. Corp., Tarrytown, N.Y.: Technicon 
Industrial Method No. 328-74A) (Isaac and Johnson, 1976). The pH 
was determined for the same samples. One part soil was mixed with two 
parts distilled and deionized water after which an electronic pH meter 
recorded the pH, Two replications were made for each sample. 
Measurements 
The influence of various treatments was determined by measuring 
plant height, stem diameter and development of the endomycorrhizae. 
Height measurements were made throughout the season with initial height 
taken at time of planting, after 8 weeks and then every 2 weeks until 
growth ceased. Height measurements included the stem from soil line 
to apical bud. Diameter readings (1-cm above the soil surface) were 
taken at the time of the last height measurement, 16 weeks after planting. 
Seedlings were left in the microplots over winter and harvested the 
following spring, 26 May 1980. Microplots were disassembled easily by 
removing the corner clamps. The side panels fell to the side. Shoots 
were cut and roots were extracted from the soil. Total root mass 
determination was not attempted because of the time required to obtain 
precision. Two of the 3 microplots of each treatment were disassembled 
completely and roots removed. During root extraction, a problem with 
the design was noted. Roots of several trees of white ash and black 
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walnut, in some of the microplots, had grown through the layer of gravel 
into the soil beneath. 
The roots and adhering soil were taken to the laboratory where 
the soil was removed by running water over a 25 mesh sieve to collect 
any dislodged roots. Cleaned roots were placed in FAA until staining 
procedures began. Roots taken from FAA were cut into 1-cm segments. 
Approximately, 300 root segments per tree were placed in a wire 
basket and rinsed in running tap water for 20 sec. These root seg­
ments were placed in a small petri dish containing 10% KOH. While in 
KOH, roots were steamed in the autoclave for 2 min. Roots remained in 
KOH for 48 hr. with fresh KOH being added after 24 hr. Roots were 
rinsed in water 3 times and placed into a bleach solution for 2 hr. 
(Kormanik et al., 1980b). Three rinses in tap water followed. 
Rinsed segments were placed in 0.3% HCl. At this point the roots were 
ready to be stained with 0.05% aniline blue and 0.05% trypan blue in 
lactophenol. The roots remained in stain solution for 10 to 12 hr. 
least 24 hr. 
Walnut and poplar suffered winter mortality, thereby causing the 
number of trees examined from each plot to be few in number. Therefore, 
the roots of one tree per microplot provided the determinations of 
ixixections• The white ash exhibited no mortelsty, thereby providing 
enough root samples for examination; i.e., 3 trees from each disas­
sembled microplot. Percentage and intensity of infection for white ash 
roots were calculated from 50, 1-cm root segments. Segments were 
scanned at 43X using a Leitz (Wetzlar) compound microscope. Percentage 
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infection was determined from the number of root segments in 50 that 
were now mycorrhizae; intensity of infection was estimated from per­
centage of host cells in contact with a mycorrhizal structure (inter-
or intracellular hypha, arbuscule or vesicle) in a 43X viewing area. 
Values for the intensity of infection were determined as in the field 
study. Structural observations on the mycorrhizae also were documented. 
The same procedure was used for roots of black walnut and poplar, except 
that 100 roots for each tree were examined. 
Soil samples from the various microplots were taken to the laboratory 
for spore extraction. The following procedure was employed: 
1. Add 100 ml of soil to one-half bucket of water and mix well. 
Allow the suspension to settle 13 sec. and decant through a 
25-mesh sieve into another bucket. Discard the debris on the 
sieve. 
2. Stir the soil suspension in the second bucket and allow to 
settle for 13 sec. Decant through a 325-mesh sieve. Save 
the materials on the sieve. 
3. Backwash the material on the 325-mesh sieve into a beaker 
employing not more than 75 ml of water in the process. Shake 
or stir the suspension and divide between two 50-ml centrifuge 
tubas and balance until they are of equal weight. Be sure 
that the tubes are placed on opposite sides in the centrifuge 
so that the weight will be evenly distributed. 
4. Centrifuge for 3 min. at 895 G (1753 rpm). 
5. Carefully decant the supernatant and fill the tubes with 
sucrose (made with 700 ml of water and adding enough sucrose 
to make a liter) and stir well. Balance the tubes with 
sucrose solution and centrifuge for 15 sec. at 895 G (1753 
J-yuiy . 
6. Pour the supernatant through a 400-mesh sieve. Collect the 
spores by backwashing the material on the sieve into a 
watch glass. 
7. Fill the watch glass with ringers solution or water. 
8. Spores are ready for examination. 
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Spores were initially examined using a dissecting microscope 
(Wild MSA model) followed by placing them on glass slides in lactophenol 
for compound microscopic examination and identification (Gerdemann and 
Trappe, 1974; Hall and Fish, 1979). 
Soil also was removed in order to determine soil texture. Particle 
size assessment was made by using the hydrometer method (Black, 1965). 
1980 Microplot Study 
Microplot procedures 
The 15 microplots used in the 1979 study and microplots that had 
not been used were a part of the 1980 Microplot Study. In addition to 
these, 4 other microplots were denoted by the Econcmy Form Company. 
This provided a total of 24 microplots for microplot studies. The 
microplots were assembled at Hines Farm in an area adjacent to the 
1979 study. A larger area was allotted for the study, thereby al­
lowing several rows of microplots to be arranged. Soil beneath the 
plots again was spaded and pea gravel deposited into the microplots. 
Pea gravel was mounded slightly. Each plot was lifted on its side 
and 2 square layers of black plastic were placed on top of the gravel. 
The microplot was replaced and adjusted to provide at least 10 cm 
of plastic protruding from all sides. The placement of the plastic was 
designed to prevent root penetration into underlying soil while pea 
gravel was used for mounding, thus lessening the likelihood of penetra­
tion by roots. Soil used in 1980 was removed from the dumping site 
along 6th Street, east of the Iowa State campus. This soil was selected 
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because it best typified soil that may be found at a construction site 
in which shade-tree seedlings may be planted. Soil texture was deter­
mined by using the hydrometer technique (Black, 1965). The fumigation 
procedure was as in the 1979 microplot study except that soil was al­
lowed to aerate for 5 days after removal of the plastic. Also, black 
plastic was not placed on the nonfumigated plots. 
Design 
The design followed the 1979 experiment, a split-plot involving 8 
treatments (whole plot) (Table 1) and 3 tree species (subplots). Treat­
ments consisted of post-plant and preplant infestations of 2 endo-
mycorrhizal fungi G. etunicatus and G, fasciculatus. The fungi were 
from pot cultures. The infestations either occurred in the soil mix 
used for initial seedling growth (preplant) or were added to the 
planting holes (post-plant) during outplanting of seedlings into micro-
plots. Therefore, preplant infestation produced mycorrhizal seedlings 
for outplanting in contrast to nonmycorrhizal seedlings in the post-
plant treatment. The preplant infestations took place in the green-
house in black Spencer-Lamare rootrainer "book planters." The treat­
ments were randomized and replicated among the microplots. Tree species 
were randomized and replicated within each microplot. 
Planting 
White ash, green ash and American sycamore were used in this study. 
Seeds for white and green ash were obtained from the Iowa State Conserva­
tion Commission Nursery, Ames, Iowa. The sycamore seeds were collected 
from the tree located on the southeast corner of Old Botany Building, 
Table 1, Treatments used In the 1980 Microplot Study 
"Book Planter" Microplot Soil 
Designation treatment treatment condition 
Noninfested (I)^ 60 ml filtrate^ 60 ml filtrate Nonfumigated 
Preplant infest (Ge)^ 30 ml (Ge) + 30 ml filtrate^ 60 ml filtrate Nonfumigated 
Preplant infest (Gf)^ 30 ml (Gf) + 30 ml filtrate 60 ml filtrate Nonfumigated 
Post-plant infest (Ge) 60 ml filtrate 30 ml (Ge) + 30 ml filtrate Nonfumigated 
Post-plant Infest (Gf) 60 ml filtrate 30 ml (Gf) + 30 ml filtrate Nonfumigated 
Infested (Ge) 60 ml filtrate 30 ml (Ge) + 30 ml filtrate Fumigated 
Infested (Gf) 60 ml filtrate 30 ml (Gf) + 30 ml filtrate Fumigated 
Noninfes ted 60 ml filtrate 60 ml filtrate Fumigated 
^(I) Indigenous mycorrhizal fungi provide for any subsequent mycorrhlzal development. 
^Filtrate from pot cultures of both infestants are combined. 
Material from pot cultures of Glomus etunicatus. 
^Filtrate from the pot culture of the mycorrhizal fungus not being infested into the growth 
media. 
^(Gf) Material from pot cultures of Glomus fasciculatus. 
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Iowa State University campus. The seeds were stratified according to 
normal procedures (U.S.D.A., 1974). Following stratification, seeds 
were washed of any soil and placed in plastic flats containing vermicu-
lite (Tera-lite ). Seeds were covered and watered periodically. After 
several weeks (1 April), adequate seedlings were available for transfer 
to "book planters." The "book planters" were assembled in groups of 8, 
each treatment receiving at least one assembly. Strips of tissue paper 
were placed in the bottom of the slots in order to prevent loss of soil 
mix. Tree species were assigned randomly to the 32 available slots of 
each "book planter" assembly, thereby allowing the planting of 11 
seedlings of two species and 10 seedlings of the remaining species per 
assembly. 
Fungal infestations of soil mix (2 parts vermiculite/1 part course 
sand/1 part peat) used in "book planters" were made for a portion of 
the seedlings. This infestation was designated as preplant treatment. 
The remaining seedlings were grown in uninfested soil mix until out-
planted. The infestants vere selected at this initial seedling 
planting time for both preplant and post-plant infestations. As in 
1979, the uniformity of several pot cultures was tested. Because of the 
larger number of treated seedlings, two pot cultures for each fungus 
were selected and tested. Half of each pot culture was used for pre­
plant infestations, the remainder saved for post-plant infestations. 
Pot cultures ISU #184 and #181 were selected for G. fasciculatus and 
ISU #123 and #126 were used for G. etunicatus. After infestation, 
spore counts were made on 30 ml of the pot culture. This procedure 
consisted of extracting spores as in 1979 and placing the spores into 
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100 ml of water under constant stirring. While the suspended spores 
were being stirred, 1 ml of suspension was extracted and a spore count 
made using a Wild (Heerburg) dissecting microscope. This latter proce­
dure was repeated. The spore extraction procedure was repeated 4 times 
for each pot culture. This gave a total of 8 counts per pot. 
Cultures #184 and #181 were selected to supply spores of G. 
fasciculatus. In pot culture #184, spore counts averaged from 2700 to 
5300 spores per 30 ml of infestant; pot culture #181 averaged from 3700 
to 6900 spores per 30 ml. Cultures #123 and #126, that provided the 
infestant for G. etunicatus. had counts of 2800 to 4600 and 3300 to 5600 
spores per 30 ml, respectively. 
Infestations for the preplant treatment began with the soil mix 
being poured into "book planters" slots onto which a layer of infestant 
(30 ml) was placed with the appropriate amount of filtrate and followed 
by another layer of soil mix (2 cm). Each seedling was removed from the 
plastic flat and placed in the "book planter" and thoroughly watered. 
For uninfested soil mixes, 30 ml of sand was added in place of the in­
festant and the filtrate added appropriately. After planting, "book 
planters" were placed in Bay 32, Forestry Greenhouse and wrapped with 
aluminum foil to reduce the variability of soil temperatures between 
the outer and inner slots. The seedlings were watered daily. Twelve 
days after planting (13 April), seedlings were fertilized with 15-0-15 
solution, each slot receiving 50 ml. The seedlings were later ferti­
lized on 16 May, each slot receiving 25 ml of 15-16-17. The un-
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infested trees were fertilized with 25 ml of 15-16-17 (1 June) and those 
infested received 25 ml of 15-0-15. The difference in fertilization 
was an attempt to decrease height differences that had developed among 
treatments. 
The "book planters" were moved from the greenhouse (3 June) to 
condition the trees for outplanting (8 June). Height measurements were 
taken during the course of seedling growth in "book planters." 
As in 1979, 9 planting sites were established per microplot. But 
for the 1980 study, 2 trees were planted per site to allow for sub-
sampling during the season. The infestations of soil were performed as 
in 1979. Scheduled watering was done on a daily basis for the first 5 
days, at intervals of 2 days for a week, 2 times for 1 week, and finally 
ended after 1 month. 
Measurements 
Height measurements were taken on 14 June, 4 weeks later, and every 
2 weeks thereafter until o October. During the course of the study, 
trees were removed for root examination. The first group of trees was 
removed 4 weeks after planting, the next 2 weeks later, and again, 2 
weeks later. This subsampling, left one tree at each of the 9 original 
planting sites. Randomly selected trees were removed in the subsampling 
by cutting the shoots and removing as much of the root system as 
possible while taking care not to remove or damage the roots of any 
adjacent trees. The roots and soil were taken to the laboratory where 
roots were washed of soil. Roots were placed in FAA until examined. 
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The third subsampling (8 weeks after planting) was processed differently 
from the first two. Soil and root samples were brought to the labora­
tory and placed in buckets of water for at least 24 hr. in order to 
loosen large soil aggregates. This soil was placed on 25-mesh sieve 
(an opening of 110 p.m) with a 325-mesh sieve (an opening of 45 pm) under­
neath. A jet of water was sprayed at the soil allowing smaller particles 
to be collected on the 325-mesh sieve. This sieve was periodically 
decanted into a container. This soil was extracted for spores as in 
1979. Roots were collected on the 25-mesh sieve during this process 
and stored as in 1979. The final sampling involved the disassembling 
of the microplots. Roots and adjacent soil for each plot tree were 
placed in plastic bags. One tree of each species in each microplot 
eventually was taken to the laboratory where roots were washed of 
soil after being soaked for 24 hr. Roots were stored as in 1979. 
After approximately 200, 1-cm root segments were removed at 
random from the root sample, the remaining roots were allowed to air 
dry on paper towels for 24 hr. These dried roots were placed in paper 
sacks for further drying in a forced hot air oven at 45 C for 48 hr. 
These roots were weighed using a Mettler^ (type B5) balance. The re­
maining roots cut into root segments were stored in FAA until stained. 
Shoot weights also were determined from shoots that had been removed 
from the plots and placed into paper sacks and dried as the roots. For 
final and initial sampling times, only stems constitute shoot weight. 
For second and third samplings, leaves were a part of shoot weight. 
At sampling, diameter measurements were made on stems approximately 
1 cm from the soil surface. 
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The determination of infection percentage was the most time-
consuming and tedious procedure. Degrees and intensity of infection 
plus structural characteristics of the mycorrhizae, with slight 
modifications, were performed as in 1979. Roots were cleared, and 
bleached as in 1979 but were acidified in 1% HCl for an additional 
5 min. in order to assure complete acidification of all 200, 1-cm root 
segments. The same stains were used except that in 1980 they were con­
tained in a solution of 6 parts glycerol/88 parts lactic acid/and 6 parts 
water (Kormanik et al., 1980b). The length of time for staining varied 
in order to assess the procedure. Roots from the final sampling (72 
trees) were stained by placing the roots plus stain in the autoclave, 
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allowing the pressure to reach 10 lb./in. (psi), followed by a slow 
pressure descent to zero psi. Staining roots remained at room tempera­
ture for 30 min. followed by destaining in a fresh solution without 
stain. This procedure was modified for sycamore roots because they 
became too dark with the blue stain. This necessitated heating roots 
for further destaining- The last group of roots from the final sampling 
was stained normally, with sycamore roots being destained immediately 
and the ash roots continuing to stain for a further hour. This proce­
dure was satisfactory and was utilized for roots of the first subsampling 
(72 trees). 
Root segments totaling 100 of each tree were placed on microscope 
slides in the destaining solution. The root segments were scanned one 
at a time at lOX and 43X (objective lens) using the compound microscope 
as in 1979. The degree of infection was the percentage of the 100 root 
segments that possessed evidence of mycorrhizal infection; i.e., hyphal 
43 
coils, intercellular hyphae, arbuscules or vesicles. Intensity of in­
fection was assigned as being very light (VL) to heavy (H), The determina­
tions for these categories were the same as given in the field study. 
In an attempt to further quantify the intensity, a numerical value was 
given for each category: VL=1,L=2, LM=3,M=4, MH = 5 and H = 6. 
This was done so that a numerical value could be given to a root system 
that was rated very light to moderate. Thus, a root system of VL to M 
could be averaged to give an overall intensity value. 
Roots of seedlings left in "book planters" after microplot trans­
planting were sampled for infections. The roots were scanned with 
the compound microscope. Further observations of the structural 
elements involved the scanning electron microscope. Root segments of 
white and green ash, and sycamore were removed from those "book planters" 
that had been preplant infested. The procedure for root preparation was 
that outlined in earlier literature (Kinden and Brown, 1975a). Re­
moval of cytoplasm was accomplished by using 10% KOH. Roots were examined 
using a Joel-JSM 35 scanning electron microscope. 
Other measurements taken in this study were pH and fertility of 
both the "book planter" soil mix and the laicroplot soil. The pH and 
soil P were measured as in 1979. Total nitrogen (N) and P of plant tis­
sue were determined using the block digestor technique (Isaac and Johnson, 
1976) and an autoanalyzer (P: Technicon Industrial Method No. 327-74W 
and N; Technicon Industrial Method No. 325-74W). Roots of the final 
sample and shoots of the second and third subsamplings were measured 
for N and P levels. 
To test the effectiveness of the fumigation process, soil samples 
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from within soil aggregates were removed as aseptically as possible and 
placed into sterile petri dishes. A serial dilution was performed with 
the dilutions being plated onto full and half strength potato dextrose 
agar. Nonfumigated soils also were tested in this manner. 
1981 Greenhouse Study 
Design 
Design constraints in the greenhouse reduced the tree species 
to American sycamore and white ash. Seed sources were the same as 
used in the 1980 study. Seeds were stratified as in 1980 and placed 
into flats of vermiculite until germinated. When a sufficient number 
of seedlings had germinated, they were transferred to Spencer-Lamare 
"book planters" (Hillsons-177cc). The "book planters" were assembled 
as in 1980 except that the soil mix consisted of 2 parts vermiculite/ 
1 part coarse river sand. 
The design employed for this study consisted of 12 treatment 
combinations for each tree species, arranged as a completely randomized 
block. The experiment was, in concept, like the 1980 microplot 
study in which preplant and post-plant infestations were made (Table 
2). Each treatment was given one tree that was arranged randomly on 
a bench in the Forestry Greenhouse. The 12 treatments were replicated 
5 times. This required 5 benches (blocks) that also were arranged 
randomly in greenhouse bay #27. 
Before planting in the "book planters," the fungi had to be selected. 
From previous experiments, no significant difference in growth response 
Table 2. Treatments used in the 1981 Greenhouse Study 
"Book planter" Greenhouse pot Soil Soil 
Treatment infestation infestation type condition 
Preplant infest 25 ml infestant 25 ml sand + 25 ml filtrate N-W^ loam Nonfum.^ 
Preplant infest 25 ml infes tant 25 ml sand + 25 ml filtrate N-W loam Fumigated 
Preplant infest 25 ml infestant 25 ml sand + 25 ml filtrate Sandy loam Nonfum. 
Preplant infest 25 ml infestant 25 ml sand + 25 ml filtrate Sandy loam Fumigated 
Post-plant infest 25 ml sand + 25 ml filtrate 25 ml infestant N-W loam Nonfum. 
Post-plant infest 25 ml sand + 25 ml filtrate 25 ml infestant N-W loam Fumigated 
Post-plant infest 25 ml sand + 25 ml filtrate 25 ml infestant Sandy loam Nonfum. 
Post-plant infest 25 ml sand + 25 ml filtrate 25 ml Infestant Sandy loam Fumigated 
No infestation 25 ml sand + 25 ml filtrate 25 ml sand + 25 ml filtrate N-W loam Nonfum. 
No infestation 25 ml sand + 25 ml filtrate 25 ml sand + 25 ml filtrate N-W loam Fumigated 
No infestation 25 ml sand + 25 ml filtrate 25 ml sand + 25 ml filtrate Sandy loam Nonfum. 
No infestation 25 ml sand + 25 ml filtrate 25 ml sand + 25 ml filtrate Sandy loam Fumigated 
^Nicollet-Webster loam that had not been used in the 1979 Microplot Study. 
^Nonfumigateid soil. 
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(height) to the fungal infestants was noted. The analysis of the growth 
data had not been performed at this time. Therefore, only one fungus 
was selected for the greenhouse test- Pot cultures of both fungi used 
in 1980 were examined for uniformity. The selection of G. etunicatus 
resulted. The pot culture ISU #192 provided a large population of spores. 
Spore counts were taken on 8 samples removed from the infestant to 
be used (pot culture #192 of G. etunicatus). Counts ranged from 2400 
to 3700 spores per 25 ml of infestant. A filtrate was prepared as 
in 1980. Approximately 1/3 of the pot culture was removed for "book 
planter" infestation, the remainder was left intact for post-plant 
infestation. The placement of the infestant and the planting of the 
seedlings was done as in the 1980 study. A total of 9 "book planter" 
assemblages were prepared; 2 were preplant infested. The seedlings 
were watered daily until transferred from the planters, 13 February. 
During this period, soil preparations were made. 
The 2 soils were those that had been left after the 1979 micro-
ploc and the 1980 microplot studies. The Kicollet-Vebster loam was 
collected from a pile that had been overgrown by grass. The soil for 
this study was taken near the middle of the pile to avoid roots of the 
grass. Lighter sandy loam was taken from the edge of where the soil 
had been graded and compacted. The soil was shredded by a soil grinder 
(Lindig KrI 10 ) and screened (1/8 in. mesh) in order to give even 
consistency and remove large soil aggregates and debris. At this time, 
half of each soil type was taken to the Hines Farm where facilities for 
fumigation were available. Fumigation took place in garbage cans that 
had been painted black (to increase the movement of the fumigant) and 
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arranged for injection of methyl bromide. An injector from the Great 
Lakes Co. was used that punctured the can of Brom-o-gas and allowed 
the liquid to flow into the tubing. Tubes were arranged for an "even" 
flow of the methyl bromide to the 4 garbage cans. The tubing inside 
the cans was placed within a perforated plastic tube (15 cm diameter) 
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that was set upright in the can. Approximately .088 m of soil was 
added to each can being careful not to spill the soil into the plastic 
tube. The soils were fumigated for 48 hr. and allowed to "vent" for 
another 24 hr. before being transferred to plastic bags. Care was 
taken to sterilize tools used in the transfer of soil. Ambient air 
temperature during the day averaged 23 C and 10 C at night. The soil 
(after transfer to bags) was kept at the Forestry Greenhouse until 
needed. Samples were removed for testing soil fertility and pH. 
Transfer 
Transfer of seedlings from "book planters" to 4.55-1 white plastic 
pots occurred 13 February. Fumigated and nonfumigated soils were added 
Lo the pots according to the soil trsatnicnt schedule. Tventy-four pets 
were placed on each of 5 benches. Care was taken not to contaminate one 
soil treatment with another. Seedlings were removed from "book planters" 
and placed into a small cylindrical soil depression tbat had been created 
in the pots using a 10-dram vial. Into this depression 25 ml of sand 
and 25 ml of filtrate were added to control pots. For seedling planting, 
a small 6-dram vial was pushed into the depression, that had been filled 
with sand, to create a site for planting. The process was repeated for 
the preplant infested treatment. Seedlings, from all treatments, at the 
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time of planting were shaken to remove adhering soil mix. For the post-
plant infested treatment, 25 ml of a pot-culture infestant was placed in 
the 10-dram depression. The seedlings were planted in the same fashion 
with roots being encompassed by pot-culture material. After planting, 
the pots were arranged randomly on the bench allowing for at least 15 cm 
between pots. The benches were designed to minimize contamination. A 
1-inch mesh screen (Welded wire fabric^) provided for pot support and 
prevented water from leaching from one pot to another. The screen also 
was designed to lessen the movement, on benches, of insects that could 
potentially be contaminated with mycorrhizal fungal spores. The screen 
was supported by a 2 in. x 4 in. wooden frame. 
The pots were watered every 2 days with tap water at a timed rate 
for consistency and in a fashion to reduce splashing, each pot receiving 
approximately 500 ml of water per watering. Trees were fertilized ac­
cording to a preset schedule (Table 3). The nutrient solution was pumped 
into 5-gallon buckets using a Commander proportioning pump, pumping at 
a ratio of 128/1. The nutrient solution was prepared by adding either 
15-0-15 or 15-16-17 as 227 gm packets to 3.785 1 of water. The final 
amount of nutrients added depended on the amount of diluted solution that 
was added to the pot. In most cases, 200 ml was added. 
Measurements 
Measuring height growth began in the "book planters" and continued 
after transfer to pots. After 6 days in pots, the first height measure­
ment was taken. Subsequent height measurements were taken every week 
for the next 10 weeks. Weekly observations were made on various aspects 
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Table 3. Fertilization schedule for 1981 Greenhouse Study after seed­
ling transfer to pots 
Elemental amounts added to 
Volume and type of the pot (u-g/g of soil) 
Date nutrient solution N P K 
3 March 250 ml 15-0-15 5.5 0 4.5 
10 March 200 ml 15-0-15 5.5 0 4.5 
19 March 200 ml 15-16-17 5.5 3.0 4.5 
25 March 200 ml 15-16-17 5.5 3.0 4.5 
2 April 200 ml 15-0-15 5.5 0 4.5 
9 April 200 ml 15-0-15 5.5 0 4.5 
16 April 200 ml 15-16-17 5.5 3.0 4.5 
23 April 200 ml 15-16-17 5.5 3.0 4.5 
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of growth; appearance of compound leaves for ash, bud set, and number 
of leaves. 
After 13 weeks in pots, the trees were harvested. At that time, 
trees on 3 of the 5 benches were dissected. The shoots were cut at the 
soil line and roots along with soil were placed in plastic bags. In 
this way spore extraction procedures could be performed during root 
collection. The bags were taken to Bessey Hall for storage in a cold 
room at 9 C until they were processed. The trees on the remaining 
2 benches were treated differently in order for photographs to be 
made of both root and shoot. Trees were removed from pots and placed 
on a 25-mesh screen. A spray of water rinsed soil from roots. Any 
dislodged roots were placed in a container of water. After the neces­
sary photographs were taken, shoots were cut at the original soil 
line. Leaves were removed and placed into paper sacks after which 
stems were measured for diameter and height. Roots were placed in a 
container of water while stems were cut into sections and placed into 
paper sacks. Leaves were collected from all trees and taken to the 
Insectory Building for leaf-area determination using a portable area 
meter (Model LI-3000). Leaves along with stems of all trees were oven-
dried for 48 hr. and weighed as before. Roots of the 48 trees photo-
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graphed were taken to the laboratory where 2 cm of 1-cm segments from 
each tree were removed randomly from different areas of the root system. 
The remaining roots were air-dried for 24 hr. followed by oven drying 
and weighing as before. 
The soil that had been stored in the cold room (9 C) was processed 
over a period of 2 weeks. Soil was taken from bags and thoroughly mixed 
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by hand. Two lOO-ml aliquots of soil were removed and placed on a 25-
mesh screen (one at a time) under which a 325-mesh sieve had been placed. 
Water was sprayed onto the soil for several minutes in order to break 
aggregates of soil. Material collected in the 325-mesh sieve was de­
canted into a container and stored at 4 C. The remaining soil was 
placed onto the 25-mesh sieve (without the 325-mesh sieve beneath) and 
a stream of water was directed onto the soil in order to wash the soil 
free from roots. The roots were collected on the screen; however, 
the soil mixing earlier had severed many small roots. These were too 
numerous to remove by forceps. In order to enhance the efficiency of 
root recovery, the remaining roots were washed from the sieve into the 
sink. A small 325-mesh sieve was placed over the drain. The sieve 
measured 5 cm in diameter and 4.5 cm in height, the screen being recessed 
2 cm. With the sieve in place the sink was filled with water. A vortex 
was created around the sieve to which the roots were drawn and collected. 
All of the roots were placed on a board and randomly selected root seg-
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ments were removed. After 2 cm of roots had been selected and placed 
in a vial of FAA, the remaining roots were placed in a container of 
water and stored in the refrigerator at 4 C. When all of the bags of 
soil had been processed, the roots were air dried for 24 hr., oven dried 
and weighed. 
Spore extraction followed once the samples had been processed. The 
soil that had bep.n collected on the 325-mesh sieve was washed into a 
4000-ml plastic bucket. The bucket was filled half with water. The 
process proceeded as outlined previously. After spores were placed into 
petri dishes, the dish was scanned at 25X for a spore count determination. 
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Representative spores were removed and placed onto slides with a drop 
of lactophenol. With a cover slip in place, spores were examined on 
the compound microscope for genus and species determination. 
Those root segments that had been placed in FM were placed into 
wire cups and rinsed for 20 sec. in running tap water. Clearing, 
bleaching and acidifying the roots proceeded as in the 1980 microplot 
study. The roots from trees on benches 1, 3, 4 and 5 were stained as in 
the 1980 microplot study except that all of the roots were destained im­
mediately after autoclaving. The roots from bench 2 were stained at 
room temperature for 1.5 hr. because steam was not available for 4 days. 
Destaining was the same as that for the other roots. 
Root infection was assessed by examining 50, 1-cm root segments 
from each tree. The degree and intensity of infection were determined. 
The same coding was used for intensity as that used for the 1980 micro-
plot study, except that the intensity included the percentage of those 
roots exhibiting the highest observed intensity. This percentage was 
given as a single digit (L = 20% = 2) and multiplied by the highest 
intensity value. This value was added to those lesser numerical in­
tensity values. If a root segment had a rating of VL to M with 20% of 
those root segments having some portion of the segment exhibiting a 
moderate infection rating, the final intensity rating would be 14 
[(VL = 1) + (L = 2) + (LM = 3) + (M = 4 X 2 = 8) = 1 + 2 + 3 + 8 = 14]. 
As root segments were scanned observations on the number of 
vesicles, intercellular hyphae, and presence of arbuscules and hyphsl 
coils were made. 
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The N and P levels of leaves were determined using the previously 
described procedure. The soil pH values were obtained as previously 
given. 
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RESULTS 
Field Study 
Although mycorrhizae were found in the large established trees, 
overall the degree of infection was relatively low whether found in a 
lawn or woods (Table 4). Infection was sporadic and when vesicles were 
observed, they generally were isolated. 
The 1979 Microplot Study 
Soil and infestant characteristics 
Fumigated Nicollet-Webster loam soil had a pH range of 7.4 to 
7.4; the nonfumigated soil pH ranged from 7.2 to 7.3. Available 
phosphorus (P) levels of the four samples taken from fumigated soil 
were 21,1, 22.5, 25.6 and 25.1 ppm. The available P levels of non-
fumigated soil were 30.7, 32.8, 26.6 and 27.9. Texture of this 
Nicollet-Webster loam was 37% silt, 13% clay and 50% sand. 
The extracted endcgcnacecus spores from both fumigated and non-
fumigated plots were few in number with those found in the fumigated 
plot appearing "dead," Spores of Glomus fasciculatus and several 
unidentified Glomus spp,, and several Gigaspora and Acaulospora 
species were present in the nonfumigated soil. Because of the low 
niznber of spores of the latter two genera that were found, no identifica­
tion to species level was attempted. 
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Table 4. Observations on mycorrhizae found on large field trees, 5 
sample trees/species/location 
Percentage and ^ 
Tree species Location intensity of infection^ Structures 
Black maple Lawn^ 20-40 VL-M HC, V 
Green ash Lawn 0-20 N-L HC 
Cottonwood Lawn None observed -
Sycamore Lawn 10-30 L-M HC, V 
Black walnut Lawn 0-30 N-LM HC, V 
Black maple Wooded^ 20 VL-L HC, V 
Green ash Wooded 20-40 VL-L HC 
Cottonwood Wooded 0-30 N-VL HC, V 
Sycamore Wooded 0-35 N-L HC, V 
^VL — very light infection; L — light infection; LM — lightly 
moderate infection; M — moderate infection; N — no infection. 
^HC — hyphal coils; V — vesicles. 
Lawn — trees sampled from the campus of Iowa State University. 
•Wooded — trees sampled from Pammel Woods (on the ISU campus). 
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Seedling growth and mycorrhizae formed 
Height measurements were recorded throughout the study. At 
planting, there was no significant difference in height azong the 
treatments for any of the tree species. Significant height dif­
ferences became apparent when the first height measurements were 
made after 8 weeks (Table 5). The stem diameter (Dia) after 16 weeks 
and mycorrhizal fungal infection are given for the treatments (Tables 
5 and 6). 
In order to determine significant differences among the treat­
ments, comparisons were made so that the treatments were independent 
of one another. Orthogonal comparisons were made between treat­
ments for each tree species but not between tree species. Comparisons 
were between fungal infestants and filtrate control; between fungal 
infestants; between infested, nonfumigated and noninfested, nonfumi-
gated soil (Appendix, Table 14: white ash, 15: black walnut, 16: 
poplar NC 5326). 
rnliite ash trees grown in fumigated soil infested with endomycorrhizal 
fungi had significantly (at the 5% level) greater shoot height, stem 
diameter, and mycorrhizal infection than when trees were grown in fumi­
gated, noninfested soil. Comparisons of the fungi showed no significant 
difference in mycorrhizal infection, diameter, or shoot height. How­
ever, trees from G. fasciculatus, Isolate 2 plots had greater shoot 
height and diameter as well as a greater degree of root infection. G. 
fasciculatus infestations caused trees to have greater shoot height and 
diameter than trees grown in soil infested with G. etunicatus. The 
degree of infection was similar among the fungal infestants. A comparison 
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Table 5. Growth responses of height (H) and stem diameter (Dia), 
and mycorrhizal infection (IF) for white ash (WA), 
black walnut (BW) and poplar clone NC 5326 (PC) for the 
1979 Microplot Study 
Tree Height (mm) weeks after planting Dia. IF 
species Treat.^ HO H8 HIO HI 2 H14 H16 (mm) (%) 
WA Inf.^ 37 226 270 307 316 317 7.5 77 
WA Fil.c 38 158 176 189 193 194 5.3 28 
WA Non.^ 37 144 165 197 210 211 4.9 84 
BW Inf. 114 239 260 273 275 277 9.6 62 
BW Fil. 103 157 179 190 193 200 7.5 0 
BW Non. 115 276 303 323 331 335 9.5 84 
PC Inf. 12 355 540 553 555 556 6.1 71 
PC Fil. 9 311 422 431 434 435 5.2 44 
PC Non. 11 102 145 154 154 155 3.1 83 
^Treatments. 
^An average value for the 3 fungal infestation treatments. 
"Filtrate from pot cultures. 
^Noninfested, nonfumigated soil treatment. 
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Table 6. Comparison of infestants; Glomus etunicatus (Ge), Gl. 
fasciculatus. Isolate 2 (Gf-2), Gl, fasciculatus. Isolate 
1 (Gf-1); with white ash (WA), black walnut (BW) and pop­
lar clone NC 5326 (PC); for the growth responses of 
Height (H) and stem diameter (Dia), and nycorrhizal in­
fection (IF) for the 1979 MLcroplot Study 
Tree Height (mm) weeks after planting Dia IF 
species Infestant HO H8 HIO HI 2 H14 H16 (mm) (%) 
WA Ge 35 199 247 281 290 291 6.9 78 
WA Gf-2 39 252 299 339 354 355 8.1 83 
WA Gf-1 37 222 276 305 314 316 7,5 79 
BW Ge 106 238 277 289 292 294 9.5 68 
BW Gf-2 117 231 262 275 281 286 10.0 62 
BW Gf-1 119 223 253 266 271 279 9.1 74 
PC Ge 14 289 422 430 430 430 5.2 82 
PC Gf-2 15 399 584 602 605 606 6.7 62 
PC Gf-1 10 401 561 567 567 570 6.6 69 
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of those trees grown in infested, fumigated soil with those trees grown 
in noninfested, nonfumigated soil was made. Trees in the infested, 
fumigated soil were significantly larger but percentages of infection 
were not significantly different. 
The same comparisons were made for black walnut. Trees grown 
in soil infested with mycorrhizal fungi had significantly greater 
stem diameter and shoot height than trees in soil (fumigated) in­
fested with pot culture filtrate (control). No significant differences 
were noted among the fungal treatments. A significant difference in 
shoot height after 16 weeks was found when trees grown in noninfested, 
nonfumigated soil outgrew those in infested, fumigated soil. 
The same comparisons of treatments were made for the poplar (NC 
5326) cuttings. Of trees examined from control plots, a larger por­
tion (44%) of the roots removed were mycorrhizae. As with the other 
trees, there were no significant difference among the growth of 
those trees with the different mycorrhizal fungi. However, the growth 
of trees grown in soil infested with G. fasciculatus Isolate 1 was 
more than trees grown in soil infested with G. etunicatus. The two 
G. fasciculatus isolates, when combined for analysis, gave trees with 
greater shoot height and stem diameter than G. etunicatusalthough 
the percentage of root infection was higher for G. etunicatus. The 
smallest trees were in those microplots of nonfumigated soil that 
was not infested. Although root infection was high for these trees, 
the growth was significantly less than any other treatment. 
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Structural observations of ptycorrhizae 
White ash mycorrhizae, inmost cases, consisted of hyphal coils, 
intercellular hyphae and vesicles. A few arbuscules were seen in roots 
growing in fumigated soil infested with G. etunicatus or in noninfested, 
nonfumigated soil. The number of vesicles was variable among trees 
of the same treatment with no vesicles observed in roots of white ash 
planted in soil infested with G. fasciculatus, Isolate 2. Other tree 
species in the same and other microplots had high numbers of vesicles. 
The size and shape of vesicles was variable with some vesicles appearing 
to be thick-walled, similar to a chlamydospore. Vesicles were found 
greater distances from the root cap than hyphal coils or intercellular 
hyphae. The greatest number of vesicles was observed in roots of 
trees grown in soil infested with G. fasciculatus. Intercellular 
hyphae were extensive in these same mycorrhizae with swollen hyphae 
that in some instances gave the appearance of intercalary vesicles. 
The intercellular hyphae occasionally were observed to extend the 
length of the l-cm root segment; diameter of the hyphae varying from 
4.5 nm to 9 nm. Size of vesicles ranged from 23 x 42 ym to 33 x 92 pm 
and were found scattered singly or in clusters. A l-cm root segment 
could contain as many as 50 vesicles. Hyphal coils were found com­
monly in the mycorrhizae. The coils were observed singly or in areas 
where numerous contiguous cells were infected= Their diameter ranged 
from 4 p.m to 5 i^m. 
The mycorrhizae in black walnut roots consisted of hyphal coils, 
intercellular hyphae and vesicles. Arbuscules were not observed. The 
dimensions of vesicles ranged from 47 x 98 p-m to 20 x 117 Extensive 
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intercellular hyphal development was noted in several root segments. 
In one instance, internal spores developed and ruptured the root cor­
tex. 
The poplar clone mycorrhizae consisted of hyphal coils, intercel­
lular hyphae and vesicles. No arbuscules were observed. Vesicles 
frequently were observed with approximately 25% of the infected root 
segments having such structures. Size of vesicles ranged from 23 x 
63 p.m to 16 X 105 p-m. 
The mycorrhizae associated with roots of the trees grown in non-
fumigated, noninfested soil frequently were observed to possess the 
same structures as seen in the "infested" roots. Several root seg­
ments of white ash contained arbuscules. In white ash, vesicles occa­
sionally were found in large numbers. As many as 137 vesicles were 
found in a single 1-cm root segment. Vesicles ranged in size from 
21 X 87 M'm to 94 x 98 p-m. Only 5% of the infected root segments con­
tained vesicles, with hyphal coils being the more frequent mycorrhizal 
structure. Vesicles were observed more often in root segments of black 
walnut and poplar with as many as 39% and 30% of the infected root seg­
ments containing vesicles, respectively. In some root segments of poplar, 
as many as 70 vesicles were found. Extensive intercellular hyphal 
development was observed in several root segments of white ash. 
Mycorrhizal infection was noted in the control plots that had been 
infested with filtrate only. The mycorrhizae of white ash and poplar 
consisted of the same structures as found in the other observations. 
In one plot, infection of white ash roots was as high as 60% while the 
infection percentages in the other plots of this treatment were 0 to 
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18%. Infection of poplar roots was as high as 88% with as many as 22% 
of mycorrhizae possessing vesicles. Black walnut roots were infected 
in these same plots. Vesicles were found infrequently in white ash 
mycorrhizae, hyphal coils being the predominant form of structure. 
There was no correlation between the percentage infection and any of 
the growth variables. 
The 1980 Microplot Study 
Soil, infestant and seedling charac ter is tics 
The autoclaved soil used in the "book planters" was not tested for 
fertility. The pH was determined to be quite variable, ranging from 
6.2 to 8.2. The sandy loam soil had a pH of 7.1 to 8.2 in nonfumigated 
plots and 7.0 to 7.8 in fumigated plots. Phosphorus levels of the soil 
also were determined from these samples and found to be approximately 
10 ppm. Soil samples were removed from several microplots and soil 
texture was determined to be 27% silt, 11.5% clay and 61.5% sand thereby 
classified a sandy loam (determined from tae basic texture triangle). 
The effectiveness of fumigation was tested. Bacteria were isolated 
-4 -3 from 10 and 10 soil dilutions of one fumigated plot but no fungi 
were isolated from the dilutions from either microplot tested. Isola­
tions and dilutions from soil of nonfumigated microplots provided several 
fungal colonies and numerous bacterial colonies. 
Root samples were taken from several seedlings before outplanting 
into microplots. All seedlings were grown in soil mix that had been 
infested with either endomycorrhizal fungi were shown to be mycorrhizal 
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to some degree while those "noninfested" trees were nonmycorrhizal as 
expected. The degree of infection was relatively light for the white 
and green ash seedlings and was characterized as having hyphal 
coils and vesicles. On the other hand, sycamore seedlings had a greater 
degree of infection with hyphal coils, vesicles and apparent arbuscules 
as structural components of mycorrhizae. At this same time, roots also 
were removed from the "book planter" seedlings (all species) for scanning 
electron microscope (SEM) examination. Time constraints allowed for 
the examination of only sycamore roots, Few vesicles were observed 
but in several root segments arbuscules were observed in various stages 
of development. Observations using the SEM provided confirmation of 
the presence of mycorrhizae in those trees that were to be planted and 
to confirm that arbuscules were in fact a structural feature of this 
particular mycorrhiza. 
Infection determinations also were made during the course of 
seedling growth in microplots. Roots removed 8 weeks after planting 
and those from the final harvest were examined. Hyphal coils always 
were found when infection occurred. Intercellular hyphae and vesicles 
generally were observed and arbuscules infrequently seen. When arbuscules 
were observed, they were found in sycamore and from roots of the first 
subsampling, 8 weeks after planting. Although infection was relatively 
high for the seedlings grown in infested or nonfumigated soils after 8 
weeks, G. fasciculatus infestations provided the only mycorrhizae having 
vesicles. White ash had only a few vesicles while in sycamore vesicles 
were abundant in most mycorrhizae. An average of 50% of the root seg­
ments contained vesicles in the "preplant-G. fasciculatus-infested" 
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treatment while for other samples the number of vesicles ranged from 
2 to 45% of the segments. Fewer vesicles were associated with the 
mycorrhizae of those trees grown in soils infested with G. etunicatus. 
After 16 weeks, vesicles remained scarce in the trees grown in 
the fumigated soil infested with either fungus. Vesicles were as­
sociated more consistently with the sycamore trees. Great variability 
existed in percentage infection and the numbers of vesicles within 
treatments. Vesicles generally were found in clusters that could in 
part explain some of the variability. 
Spores of endomycorrhizal fungal species and genera extracted from 
microplot soil were identified (Table 7). In soil where no infestations 
were made, few, usually less than 5, spores of any one species were re­
covered. Common to all treatments was G. fasciculatus. Where infesta­
tions were made, numerous spores were collected of the infestant. 
General growth responses 
Height measurements began at the time of planting the seedlings 
into "book planters." There was no significant difference in height at 
time of planting. After 6 weeks, a significant difference in height 
(57o level of significance) was demonstrated between seedlings grown in 
an autoclaved soil mix infested with endomycorrhizal fungi and those 
not infested with fungi. The difference was noted for all tree species 
(Appendix, Table 17). A comparison was made between those seedlings 
grown in "book planters" that were infested with endomycorrhizal fungi 
to seedlings grown in noninfested soil (Table 17: HO value). As in 
previous and future comparisons, the orthogonal nature of the comparison 
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Table 7. Fungal genera and species of Endogonaceae found in soil removed 
from microplots in the 1980 study 
on 
Soil 
condition Fungi recovered 
None 
Preplant (Gf)' 
Preplant (Ge) 
Nonfumigated Glomus fasciculatus (Thaxter sensu Gerde-
mann) Gerd. & Trappe 
Gl. mosseae (Nicolson & Gerd.) Gerd. & 
Trappe 
Gl. constrietus Trappe 
Gl. spp. Gerd. & Trappe 
Gigaspora spp. Gerd. & Trappe 
Acaulospora spp. Gerd. & Trappe 
Gl. fasciculatus 
Gl. macrocarpus Gerd. & Trappe 
Gi. sp. 
A. spinosa Walker & Trappe 
Nonfumigated Gl. etunicatus Becker & Gerd. 
Gl. mosseae 
Gl. fasciculatus 
Gl. macrocarpus 
Gl. sp. 
Gi. sp. 
Nonfumigated 
Post-plant (Gf) Nonfumigated Gl. fasciculatus 
Gl. mosseae 
Gl. macrocarpus 
Gl. etunicatus 
Gl, so. 
A. sp. 
Post-plant (Ge) 
Infest (Gf) 
Infest (Ge) 
Nonfumigated Gl. etunicatus 
Gl. fasciculatus 
Fumigated 
Fumigated 
Gl. fasciculatus 
Gi. sp. 
Gl. etunicatus 
Gl. fasciculatus 
Gi. sp. 
GF infestations with pot cultures of Gl. fasciculatus. 
Ge infestations with pot cultures of Gl. etunicatus. 
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Table 7. Continued 
Soil 
Infestation condition Fungi recovered 
None Fumigated Gl. fasciculatus 
Gl. etunicatus 
Gl. sp. 
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was maintained. The comparison revealed a significant difference 
between mycorrhizal (preplant) seedlings and nonmycorrhizal (post-
plant) seedlings when the growth of all seedlings was combined. Another 
comparison, made when all trees were combined, showed a substantial 
difference between the 2 infestants (Table 17). The G. fasciculatus 
infestant provided for larger trees when outplanted. 
The comparison between the fungal infestants (in the "book 
planters") for the individual tree species was designated the HO 
values for "preplant" infestants. Sycamore seedlings in soil mix in­
fested with G. fasciculatus were significantly larger than seedlings 
grown in soil mix infested with G. etunicatus (Table 22). For white 
ash, there was a substantial difference in growth but not a significant 
one (Table 18). For green ash, height differences were not as great 
(Table 20). When the infestants were combined as preplant treatment 
(mycorrhizal) and compared to the post-plant treatment (nonmycorrhizal), 
the mycorrhizal seedlings were significantly larger for each tree species 
(Appendix, Table 18: white ash, 20: green ash, 22: sycamore). 
The orthogonal comparisons that have been used as a means of comparing 
treatments, separately or in combination, were designated when the design 
of the study was conceived. The following treatment conditions were made 
when all trees were combined or when they were treated separately 
(Appendix, Tables 17-23): 
1. Comparisons of those trees grown in fumigated soil infested 
with those selected endomycorrhizal fungi to trees grown in 
fumigated soil infested with pot culture filtrate. 
2. Comparisons of trees grown in fumigated soil infested with G, 
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fasciculatus or G. etunicatus. 
3. Comparisons of trees grown in autoclaved soil mix that had been 
infested with either G. fasciculatus or G. etunicatus and re­
planted into microplots containing nonfumigated soil (preplant 
infested). 
4. Comparisons of trees grown in nonfumigated soil that had been 
infested with G. fasciculatus or G. etunicatus at the time of 
planting (post-plant infested) into the microplots, 
5. Comparisons of trees grown in nonfumigated soil that had been 
infested (pre- and post-plant) with noninfested (I) treat­
ment. 
6. Comparisons of trees grown in post-plant infested, nonfumigated 
soil with those trees grown in noninfested, nonfumigated soil. 
7. Comparisons of the two infestation times. 
Some of these same comparisons were made between treatments when analyses 
for nitrogen and phosphorus in host tissues were made (Appendix, Tables 19, 
21 and 23). Root and stem tissue were examined. 
In fumigated soil, fungal infestations provided for significantly 
larger trees (Table 17). When infestants were compared in fumigated soil, 
G, fasciculatus infestants were more beneficial than G. etunicatus in 
stimulating root and shoot growth (Table 17). In nonfumigated soil, G. 
fasciculatus also stimulated larger trees. The infestation of endo-
mycorrhizal fungi into nonfumigated soil stimulated growth to a greater ex­
tent than when no infestation was made ~ noninfested (I) (Table 17). In 
this comparison, the infestation times were combined but in another compari­
son the times were separated (Table 17) in order to contrast the affect or 
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influence of "infesting" trees before or after outplanting. The preplant 
infestations appeared to have a greater growth effect. Because the 
trees were of different sizes at time of outplanting and the "preplant 
infested" trees grew so little, with the exception of sycamore, the re­
sults appeared somewhat erroneous concerning the benefit that might 
have been reflected. Inherent differences in growth of the various 
tree species prompted comparisons between treatments for individual 
tree species. 
White ash growth comparisons 
Growth of white ash was plotted over the course of the growing 
season (Figure 1) for growth measurements collected at two-week inter­
vals (Table 8)• Shoot growth for the "preplant infested" and "control" 
white ash seedlings was virtually nonexistent. Growth that occurred 
was from lateral buds producing multiple shoots. Overall, the growth 
of seedlings frcm all treatments was not substantial. However, trees 
in post-infested soil, fumigated or nonfumigated, gave the greatest 
shoot growth (Table 8). Orthogonal comparisons were made between 
treatments (Table 18). 
With the exception of root weight, trees grown in fumigated soils 
that had been infested with endomycorrhizal fungi had significantly 
greater shoot growth and mycorrhizal infection than trees in nonin-
fested, fumigated soil. 
A comparison of fungal infestants in fumigated soil gave signifi­
cant differences in stem weight and diameter but not in height or fungal 
infection. Because so little growth occurred with trees that had been 
Figure 1, Growth responses of white ash, in microplots, as measured by shoot height during the 1980 
growing season 
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Table 8. Comparisons of the infestants, Glomus fasciculatus (Gf) and Gl. etunicatus (Ge), in 
white ash for the growth response of mean height (H) ; percentage mycorrhizal fungal infec­
tion (IF) and intensity of infection (IT); 16-week growth data for oven-dried root 
weight (Rwt), oven-dried stem weight (Swt) and stem diameter (Dia); and difference in 
height growth from planting to 16 weeks (Diff) for 1980 Microplot Study. Preplant 
denotes mycorrhizal seedlings with appropriate mycorrhizal fungus when planted; post-
plant denotes infestation with appropriate mycorrhizal fungus at time of planting non-
mycorrhizal seedling 
Height (mm) weeks after planting IF8 IF16 IT16 Rwt Swt Diff Dia 
Treatment HO H4 H6 H8 HIO HI 2 H14 H16 7, 7o % (gm) (gm) (mm) (mm) 
Noninfested (I)^ 82 84 87 95 97 113 123 123 7 59 2 3.45 0.49 41 2.60 
Preplant (Gf) 190 193 195 202 209 232 243 243 64 47 5 2.87 1.34 53 4.31 
Preplant (Ge) 169 170 170 177 177 177 177 177 51 44 4 2.32 0.94 8 3.58 
Post-plant (Gf) 115 126 137 155 178 179 179 181 59 56 6 3.89 1.98 71 3.36 
Post-plant (Ge) 100 114 129 144 158 162 174 174 55 76 8 3.13 0.91 74 3.19 
Infested (Gf) 104 120 143 169 185 192 192 192 64 40 4 4.04 1.38 88 3.97 
Infested (Ge) 109 119 132 148 151 158 174 174 69 35 8 3.35 0.72 65 3.02 
Noninfested^ 101 104 104 104 107 107 107 107 14 13 2 0.93 0.34 6 2.50 
^Trees grown, in noninfested, nonfumigated soil. 
^Trees grown in noninfested, fumigated soil. 
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infested in the greenhouse, a comparison between fungal infestants 
was more of a comparison of the endomycorrhizal fungi before outplanting. 
Some growth occurred with the root system and growth of shoots was as 
lateral shoots. Overall, infestations with G. fasciculatus stimulated 
more host growth than infestations with G. etunicatus. This difference 
was not evident for post-plant infestations, 
A comparison of preplant and post-plant infestations shows an 
initial height difference that dissipated during the study because 
"preplant infested" trees had little growth. No significant differences 
in root weight, stem weight and fungal infection were observed. Non-
fumigated soil that had been infested with a fungus or had been planted 
with mycorrhizal trees produced trees with greater shoot growth than 
trees grown in noninfested soils. However, root weight was not signifi­
cantly different. The latter might be important when considering seedling 
survival capabilities, A more valid comparison was when the nonfumigated 
soil, the noninfested treatment was contrasted with the post-plant 
treatment. With the exception of root slight, trees groijn in infested 
soil grew better. 
Root and stem tissue of selected white ash were analyzed for total 
available N and P, and orthogonal comparisons were made between the 
various treatments (Table 19). In nonfumigated soil, the noninfested 
treatment compared ^fLth the infested treatment gave a significant dif­
ference for stem analyses but not for root analyses. Root analyses 
showed "noninfested" trees having more total available N and P while 
stem analyses showed significantly more N and P in "infested" trees. 
No significant difference was found for either root or stem analyses 
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when infestation times were compared. Comparison of infestation to 
noninfestation in fumigated soil showed that "infested" trees had 
substantially more N and ? in stems. Comparison of fungal infestants 
for total available N and P in fumigated soil, showed a significant 
difference in favor of G. fasciculatus. In nonfumi gated soil G. 
fasciculatus also provided substantially larger values of total 
available N and P. 
Green ash growth comparisons 
In some respects, green ash responded (Figure 2) similarly to white 
ash in that little or no growth occurred with "preplant infested" 
trees in nonfumigated soil or trees grown in fumigated soil that had 
no fungal infestation. The greatest amount of growth was found with 
trees grown in fumigated soil that was infested with the endomycorrhizal 
fungi. Growth of trees in nonfumigated, noninfested soil was greater 
than trees in nonfumigated, infested soil (Table 9). Orthogonal 
comparisons were made (Table 20). 
A significant difference for all variables except initial height 
occurred favoring trees growing in fumigated, infested soil over non-
infested treatments. In comparing fungal infestants, no significant 
difference was evident, though trees grown in soil infested with G. 
fasciculatus had a greater root weight, stem weight, and a slightly 
larger stem diameter while trees grown in soil infested with G. 
etunicatus exhibited greater shoot growth. 
A comparison of the fungal infestants in the preplant treatment 
and the post-plant treatment in nonfumigated soil showed no significant 
Figure 2. Growth responses of green ash, in microplots, as measured by shoot height during the 1980 
growing season 
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Table 9. Comparisons of Infestants, Glomus fasciculatus (Gf) and Gl. etunlcatus (Ge), in green 
ash for the growth response of mean height (H); percentage mycorrhizal fungal infec­
tion (IF) and intensity of infection (IT); 16-week growth data for oven-dried root 
weight (Rwt), oven-dried stem weight (Swt) and stem diameter (Dia); and difference in 
height growth from planting to 16 weeks (Diff) for 1980 Microplot Study. Preplant 
denotes mycorrhizal seedlings with appropriate mycorrhizal fungus when planted; post-
plant denotes infestation with appropriate mycorrhizal fungus at time of planting non-
mycorrhizal seedling 
Heieht (mml 1 weeks a fter planting IF8 IF16 IT16 Rwt Swt Diff Dia 
Treatment HO H4 H6 H8 HIO HI 2 H14 H16 % % % (gm) (gm) (mm) (mm) 
Noninfested (I)^ 72 81 99 115 145 145 160 160 22 64 6 3.48 0.47 88 2.4 
Preplant (Gf) 121 122 122 133 136 142 142 142 70 62 6 2,18 0.76 21 3.3 
Preplant (Ge) 112 115 116 116 123 123 123 123 74 41 5 2.56 0.63 11 3.1 
Post-plant (Gf) 79 92 102 116 129 129 135 135 49 63 7 4.44 0.79 56 2.7 
Post-plant (Ge) 67 83 98 111 119 119 121 121 50 47 9 2.90 0.69 54 2.7 
Infested (Gf) 74 91 110 130 142 159 176 176 64 66 5 6.18 0.68 102 2.8 
Infested (Ge) 71 91 110 139 133 184 218 218 62 20 3 5.00 0.62 147 2.6 
Noninfested^ 67 67 67 67 67 67 67 67 0 0 0 0.28 0.23 0 2.0 
^Trees grown in noninfested, nonfumigated soil. 
^Trees grown in noninfested, fumigated soil. 
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difference in their ability to enhance or stimulate growth. The pre-
plant versus post-plant infestation times exhibited no significant dif­
ference except at time of planting (HO) and difference (Diff) in shoot 
height at time of harvest (16 weeks). The larger "preplant" trees grew 
little over the season. This explained the significant difference in 
the difference growth variable (Diff). 
The little growth of "preplant infested" trees influenced the "Diff" 
variable where "noninfested" trees had significantly more increased 
growth than "infested" trees. Therefore, a more realistic canparison 
of infested versus noninfested treatments was where only post-plant 
infested treatments were compared. There was no significant difference 
between these treatments. 
Total available N and P of the stem and root tissue were compared 
(Table 21). A comparison of trees grown in nonfumigated, noninfested 
or infested, soils indicated that N and P in root tissue was not signifi­
cantly different while stems of "infested" trees had significantly more 
total available N and P. 
The "post-plant infested" trees had more total available N and P 
than "preplant infested" trees with a significant difference found in 
the stem but not in the root, A comparison of the fungal infestants, 
at either infestation time, showed similar results in the amount of N 
and ? found in either tissue types. 
In fumigated soil, a comparison of infested to noninfested soils 
demonstrated a significant difference in root N and P levels but not 
in stem levels. In both cases, total available N and P levels were 
greater for the "infested" trees. 
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In most instances, the analyses of total available N and P reflected 
growth of the tree with larger root and stem samples producing more N 
and P. Levels of N usually paralleled levels of ? as seen in the 
probability values. 
Sycamore growth comparisons 
Growth of sycamore was substantial in contrast to growth of either 
white or green ash (Table 10). As with white ash shoots, trees grown 
in the infested, fumigated soil produced the greatest amount of growth 
(Figure 3). Trees that were mycorrhizal at the time of planting (pre-
plant infested) were substantially larger than trees in other treatments. 
The least amount of growth was seen in trees that were grown in soil 
fumigated but not infested. Trees that were grown in soil that was not 
infested and not fumigated did show substantial growth although still 
less than trees grown in the infested soil. 
Orthogonal comparisons were made on means of growth responses and 
fungal infection of trees of the various treatments (Table 22). A 
comparison of infested (mycorrhizal) treatments with noninfested (mostly 
nonmycorrhizal trees) treatment showed a significant difference in 
growth responses with the exception of root weight, when the 2 in­
festants in fumigated soil were compared, significant difference was 
noted for percentage infection, shoot height after 8 weeks, stem 
diameter, and the difference in growth from planting to harvest (16 
weeks). With other variables, though the differences were not signifi­
cant, trees grown in soil infested with G. fasciculatus generally out­
performed trees in soil infested with G. etunicatus. When the in-
Figure 3. Growth responses of American sycamore, in microplots, as measured by shoot height 
during the 1980 growing season 
Legend; 
Preplaut infestations of fasciculatus and G. e tunica tus in nonfumigated soil « 
Post-plant infestations o); G, fasciculatus and G. etunicatus in nonfumigated soil 
Noninf(ïsted, nonfumigated fsoil (J) () 
Infestations of G. fasciculatus and G, etunicatus in fumigated soil # — — — # 
Noninfcisted, fumigated soil 
•Ij 
• • 
Table 10. Comparisons of Infestants, Glomus fasclculatus (Gf) and etunicatus (Ge), in syca­
more for the growth response of mean height (H)j percentage mycorrhlzal fungal infec­
tion (IF) and intensity of infection (IT); 16-week growth data for oven-dried root 
weight (Rwt), oven-dried stem weight (Swt) and stem diameter (Dla); and difference in 
height growth from planting; to 16 weeks (Diff) for 1980 Microplot Study. Preplant 
denotes mycorrhlzal seedlings with appropriate mycorrhlzal fungus when planted; post-
plant denotes infestation with appropriate mycorrhlzal fungus at time of planting non-
mycorriizal seedling 
Height (ram) week: ij after planting IF8 IF16 IT16 Rwt Swt Diff Dla 
Treatment HO H4 H6 H8 HIO H12 H14 H16 % % % (gm) (gm) (mm) (mm) 
Noninfested (I)^ 93 138 178 221 274 295 296 296 42 71 10 8.01 2.87 203 4.29 
Preplant (Gf) 186 228 262 297 344 363 369 369 91 71 16 12.08 4.37 183 5.86 
Preplant (Ge) 186 219 249 274 319 328 333 333 78 73 11 10.11 3.21 147 4.90 
Post-plant (Gf) 114 156 191 231 286 308 323 323 85 51 14 15.57 3.16 209 4.86 
Post-plant (Ge) 123 165 200 236 286 292 308 309 55 74 9 8.93 2.51 186 4.51 
Infested (Gf) 92 145 197 252 312 354 387 387 88 67 14 15.03 3.28 295 5.23 
Infested (Ge) 102 147 180 224 295 328 351 351 65 23 13 9.69 2.36 249 4.31 
Noninfested^ 80 122 138 160 169 195 203 203 1 15 6 7.05 1.14 123 3.48 
^Trees grown in noninfested, nonfumlgated soil. 
^Trees grown in noninfested, fumigated soil. 
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festants were compared in nonfumigated soil, trees grown in soil in­
fested with G. fasciculatus generally outgrew (significantly for some 
variables) those trees grown in soil with G, etunicatus whether infesta­
tions occurred before or after planting trees into microplots. At 
time of planting, mycorrhizal trees (preplant infestation) were signifi­
cantly larger than the nonmycorrhizal trees (post-plant infestation). 
After 16 weeks in the microplots, differences in shoot height were no 
longer significant. The difference in growth (Diff) was greater for 
trees grown in soil infested at time of planting. Root weight was 
greater for "post-plant infested" trees but were significantly less 
when comparing stem weight and diameter. 
A comparison of infested with noninfested, nonfumigated soil 
treatments showed that trees grown in infested soils were significantly 
larger in height after 8 weeks but by 16 weeks this significance was 
erased. Percentage fungal infection and stem diameter were signifi­
cantly greater for trees grown in infested soil but the overall dif­
ference in growth was significantly greater for trees in nonfumigated, 
noninfested soil. This result was in part the result of less growth 
by "preplant infested" trees. Therefore, a comparison of the "post-
plant infested" trees with "noninfested" trees was made to lessen that 
influence of initial height on growth seen after outplanting. The 
"post-plant" trees were significantly larger when outplanted but the 
difference in height was slight after 16 weeks, the overall growth (Diff) 
being greater for the "noninfested" trees. A substantial difference 
was observed for root weight and percentage fungal infection, favoring 
"infested" trees. 
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As with the other tree species, analyses were performed on root and 
stem tissue for total available N and P. A comparison of "nonin-
fested" and "infested" trees, both grown in nonfumigated soil, gave 
no significant difference, although the "infested" trees had substan­
tially more total available N and P in their roots (Table 23). No 
significant difference in N and P levels was noted between the infesta­
tion times. 
When the infestation (in fumigated soil) treatment was compared 
with the noninfested treatment, substantial differences in total N 
and P levels were observed favoring "infested" trees. A significant 
increase in total available N and P was found with trees grown in soil 
infested with G. fasciculatus. In nonfumigated soil, G, fasciculatus 
infestation provided trees with substantially higher levels of N and 
P in both the stem and root samples. 
The 1981 Greenhouse Study 
Soil, infestant and seedling characteristics 
The nonfumigated sandy loam had pH values of 8.0, 8.1 and 8.3. 
After fumigation, pH values were 7.9, 7.4 and 7.7. The Nicollet-
Webster loam soil had pH values of 7.7, 7.8 and 7.6 before fumigation 
and 7.7, 7.5 and 7.6 after fumigation. From the same soil samples, 
phosphorus (P) levels for sandy loam were 10.9, 7.53 and 10.9 ppm for 
nonfumigated soil and 10.9, 9.5 and 10.9 ppm for fumigated soil. The 
Nicollet-Webster loam had P levels of 33.3, 33.8 and 28.0 ppm for non-
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fumigated soil and 30.5, 32.9 and 37.0 for fumigated samples. No test 
was performed concerning the efficiency of the fumigation. 
General growth responses 
The difference in the phosphorus fertility of the two soil types 
could be in part responsible for the significant difference in general 
growth of both white ash and sycamore (Tables 11 and 12). Those trees 
grown in Nicollet-Webster loam with its higher phosphorus levels were 
significantly larger for most variables, with the exception of infection 
levels of mycorrhizal fungi. The differential between soil types was 
greater for the sycamore trees. 
An examination of the remaining seedlings in "book planters" (after 
transplanting into pots) revealed that "preplant infested" sycamore 
seedlings had an average mycorrhizae of 32% while the white ash seedlings 
had less intensity of infection but a greater percentage infection with 
52%. Arbuscules were observed in sycamore mycorrhizae. No mycorrhizae 
were noted for either tree species in noninfested "book planter" 
tréâ tïuêiiLS . 
White ash growth responses 
Height measurements recorded over the study period, showed that 
the largest trees were grown in pots containing nonfumigated soil and 
had mycorrhizae when planted (Figures 4 and 5). The sinallest trees were 
grown in noninfested, fumigated soil. The rate of growth varied during 
the study. By the 12th week, trees in the preplant infested treatment 
in nonfumigated, Nicollet-Webster loam exhibited the greatest shoot 
height (Figure 4). The "post-plant infested" trees lagged behind in 
Figure 4. Shoot height growth responses of white ash, in the greenhouse, gro\m in a Nicollet-
Webster loam soil over a 12-week period 
Legend : 
Preplant infestation with G. etunicatus then planted into nonfumigated soil ^........+ 
Preplant infestation with G. etunicatus then planted into fumigated soil # ...... # 
Post-plant infestation with G. etunicatus in nonfumigated soil + — — — + 
Post-plant infestation with G. etunicatus in fumigated soil # — — — # 
Noninfested in nonfumigated soil ^ 
Noninfested In fumigated soil # # 
6 7 8 9 10 11 12 
Weeks after planting 
Figure 5. Shoot height growth responses of white ash, in the greenhouse, grown in a sandy loam 
soil over a 12-week period 
Legend : 
Preplant infestation with G. etunicatus then planted into nonfumigated soil 
Preplant infestation with G. etunicatus then planted into fumigated soil • # 
Post-plant Infestation with G. etunicatus in nonfumigated soil + — — —' + 
Post-plant infestation with G. etunicatus in fumigated soil @ # 
Noninfested in nonfumigated soil ^ 
Noninfested in fumigated soil # # 
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growth during the middle of the study but began growing at a rate 
comparable to the "preplant infested" trees. However, they remained 
smaller after 12 weeks. In sandy loam (Figure 5), "post-plant 
infested" trees showed the greatest shoot height throughout much of 
the study. Of those "infested" trees, the preplant treatments produced 
the smallest trees. Other growth variables and raycorrhizal infection 
were determined after 12 weeks (Table 11). 
Orthogonal comparisons were made between treatment combinations 
that were independent of one another. Selected growth measurements of 
mycorrhizal fungal infection were used to make comparisons between 
treatments (Appendix, Table 24). 
The first comparison was between trees grown in infested and non-
infested fumigated soils. In both soil types, "infested" seedlings 
quickly surpassed "noninfested" seedlings in all growth categories 
(Table 24). Compound leaves did not develop on nonmycorrhizal trees 
and trees growing in sandy loam set bud several weeks before the end of 
the study period. 
A comparison of the infestation times revealed that trees in sandy 
loam soil infested at time of planting (post-plant) outgrew "preplant 
infested" trees. After 7 weeks, the difference in height was signifi­
cant. By 12 weeks, height differences were not significant but root 
weight was. Other categories of growth were substantially larger in 
the post-plant treatment. The opposite was true in Nicollet-Webster 
loam with preplant infestation treatment producing significantly 
larger trees. 
When no infestation was compared to some form of infestation (preplant 
Table 11. Growth responses of mean heights (PH and H) were recorded 
over the course of the study while stem diameter (Dia), leaf 
area (LA), oven-dried root weight (Rwt), oven-dried leaf 
weight (Lwt), oven-dried stem weight (Swt), percentage of 
mycorrhizal fungal infection (IF) and intensity (IT) and 
spore numbers in 200 ml of soil were measured 12 weeks after 
planting into plastic pots for 1981 Greenhouse Study. White 
ash seedlings were preplant infested (Pre) in "book planters," 
post-plant infested (Pst) in the pots at the time of transfer 
from "book planters" or noninfested (Non) in which only pot 
culture filtrate was added to the soil. Glomus etunicatus was 
used as the infestant 
Pre 
NF-SL* 
Pst 
NF-SL^ 
Non 
NF-SL^ 
Pre 
F-SL^ 
Pst 
F-SL^ 
PHI (mm) 31 24 20 25 21 
PH4 (mm) 51 42 41 46 38 
Hlc (mm) 60 54 57 53 55 
H2 (mm) 76 69 67 66 66 
H3 (mm) 82 81 72 80 83 
H4 (mm) 94 104 81 98 110 
H5 (mm) 103 127 93 119 140 
H6 (mm) 116 150 108 139 166 
H7 (mm) 140 184 134 159 199 
H8 (mm) 169 220 169 186 227 
H9 (mm) 207 271 211 211 275 
HIO (mm) 248 312 263 232 313 
Hll (mm) 287 354 310 248 357 
HI 2 (mm) 361 420 403 260 394 
Dia (mm) 6.23 7.16 6.11 6.68 7.76 
LA (cm^) 706 938 742 530 859 
Rwt (gm) 1.55 2.28 1.20 1.95 2.52 
Lwt (gm) 252 339 250 213 336 
Swt (gm) 1.79 2.56 1.81 1.73 2.60 
IF (%) 66 76 76 46 61 
IT 20 20 25 11 8 
Spor es 76 603 23 2076 2066 
iiOiifuiiiigated soxlj F furfiLgatcu SuiX, 1* Nicollct-WcuStcir 
sandy loam. 
^Shoot heights of seedlings while in the "book planters." 
''Shoot heights of seedlings while in the pots. 
loam: SL — 
F-SI 
20 
40 
62 
75 
80 
85 
86 
87 
88 
88 
88 
89 
90 
100 
2 
66 
0 
8 
0 
0 
0 
92 
Pre Pst Non Pre Pst Non 
NF-L^ NF-L^ NF-L^ F-L^ F-L® F-L& 
27 22 22 24 22 18 
48 39 38 43 37 38 
65 57 55 59 55 59 
79 66 64 75 66 72 
94 81 70 99 89 81 
122 100 82 135 128 88 
146 119 95 166 167 93 
173 138 107 192 198 96 
213 163 132 219 224 99 
256 190 159 248 253 104 
323 239 202 294 297 110 
381 286 240 324 334 117 
447 329 285 344 368 128 
530 408 386 360 408 167 
8. 02 7 _ 29 6.34 o _ 5^: g 30 2 
1380 1141 928 1201 1548 140 
2. 79 2. 23 1.54 4. 27 4. 50 0 
540 414 306 511 663 42 
3. 39 2, 45 1.80 3. ,68 4, ,34 0 
73 67 73 51 62 0 
16 12 16 10 9 0 
272 292 120 887 1670 0 
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and post-plant) combined, infestation had an overall significant 
benefit in Nicollet-Webster loam. In sandy loam, such benefits were 
not obvious. The "infested" trees had a greater growth rate after 
several weeks but by 12 weeks, the "noninfested" trees were slightly 
larger. However, other growth measurements remained greater for 
"infested" trees, the oven-dried root weight being significantly 
different. A comparison of post-plant infestation only to the non-
infested treatment in sandy loam revealed that final height was not 
significantly different, but other responses; i.e., root weight and 
stem diameter; were significantly different. This same comparison 
in Nicollet-Webster loam showed that the "noninfested" trees actually 
outgrew the "post-plant" infested trees with larger values for all 
growth variables. If the preplant treatment was contrasted with 
the noninfested treatment in sandy loam, the "preplant infested" 
trees showed greater growth in the early stages of the study but 
eventually the "noninfested" trees had greater shoot height. By the 
end of the study, the growth for "preplant infested" trees was less 
than that for "noninfested" trees. Overall, the opposite was true in 
Nicollet-Webster loam; the "preplant infested" trees significantly out­
grew "noninfested" trees. 
In fumigated soil the comparison of the two infestation times was 
made and like nonfumigated soil, the "post-plant" infestation proved 
more beneficial in either soil but to a greater extent in the sandy 
loam. A greater number of spores were recovered from soil of the 
fumigated treatments (if mycorrhizal). Of those fumigated soils, 
more spores were recovered from the sandy loam soil (Table 11). 
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The concentration of phosphorus (P) was not significantly dif­
ferent between mycorrhizal and nonmycorrhizal trees, the concentration 
actually being greater for nonmycorrhizal trees. The concentration of 
nitrogen (N) was significantly greater for nonmycorrhizal trees. On 
the other hand, a comparison of the total available N and P levels in 
leaf tissue (Appendix, Table 25) showed mycorrhizal trees significantly 
greater in total available N and P than nonmycorrhizal trees. 
Trees in Nicollet-Webster loam soil had significantly more total 
available N and P than trees in the less fertile sandy loam. Levels 
of N and P were consistently greater for trees grown in Nicollet-
Webster loam. A comparison of infestation times in fumigated soil 
showed that "post-plant" infestations produced trees with greater N 
and P values, but not significantly. In nonfumigated soil, the 
comparison indicated that in sandy loam, N and P levels were greater 
for "post-plant infested" trees while in Nicollet-Webster loam, 
"preplant infested" trees had greater levels of N and P. This 
parallels other growth results. 
When comparing those "infested" trees with "noninfes ted" trees in 
nonfumigated soil, a significant difference was found in Nicollet-
Webster loam for both N and P levels. "Infested" trees had signifi­
cantly greater amounts of total available N and P. The difference was 
not significant in the sandy loan. 
Sycamore growth responses 
Overall growth in Nicollet-Webster loam exceeded growth in sandy 
loam for each treatment (Figures 6 and 7). For both soil types (Table 
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12)J treatments could be rated in decreasing order according to growth 
response as follows: trees grown in infested, fumigated soil; in 
infested, nonfumigated soil; in infested, nonfumigated soil; and in 
noninfested, fumigated soil. 
Orthogonal comparisons also were made for sycamore (Appendix, 
Table 26). The first comparisons contrasted infested and noninfested 
soil. In both soil types, "infested" trees eventually outgrew those 
in "noninfested" trees. An exception to this significant growth 
difference was with tree-root weights of noninfested treatments 
that were not significantly less. When infestation times in nonfumi-
gated soil were compared, no significant difference was found in 
either soil type. As shown with white ash, post-plant infestation 
gave larger trees in sandy loam but smaller trees in Nicollet-Webster 
loam. This result also was evident for fumigated soil, although the 
trees in "post-plant infested" treatment had larger leaf area and leaf 
weight than trees in preplant infested treatment. 
Comparisons were made between trees gro^zn in nonfumigated soil 
that had been infested with G. etunicatus with trees grown in non­
infested soil . When infestation times were combined and compared with 
noninfested treatments, infestations gave larger trees in both soil 
types, but this increase was not significant. When preplant infes­
tation treatment, in both soil types, was compared with noninfested 
treatment, no significant difference in growth responses was evident, 
although the overall growth was greater for "preplant infested" trees. 
When "post-plant infested" trees were compared to "noninfested" trees, 
no significant growth difference was evident. Again, "infested" trees 
Figure 6. Shoot height growth responses of American sycamore, in the greenhouse, grown in a Nicollet-
Webster loam soil over a 12-week period 
Legend : 
Preplant infestation with G. etunicatus then planted into nonfumigated soil ^.....+ 
Preplant infestation with G. etunicatus then planted into fumigated soil 
Post-plant infestation with G. etunicatus in nonfumigated soil + — — — 
Post-plant infestation with G. etunicatus in fumigated soil @ # 
Noninfested in nonfumigated soil + 
Noninfested in fumigated soil # # 
4-1 
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•H 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 
50 
6 7 8 9 
Weeks after planting 
10 11 12 
Figure 7. Shoot height growth responses of American sycamore, in the greenhouse, grown in a sandy 
loam soil over a 12-week period 
Legend : 
Preplant infestation with G. etunicatus then planted into nonfumigated soil ^ + 
Preplant infestation with G. etunicatus then planted into fumigated soil • ....... # 
Post-plant infestation with G^, etunicatus in nonfumigated soil + — — — 
Post-plant infestation with G. etunicatus in fumigated soil o — — — * 
Noninfested in nonfumigated soil ^ 
Noninfested in fumigated soil # # 
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Table 12. Growth responses of mean heights (PH and H) were re­
corded over the course of the study while stem diameter 
(Dia), leaf area (LA), oven-dried root weight (Rwt), oven-
dried leaf weight (Lwt), oven-dried stem weight (Swt), 
percentage of mycorrhizal fungal infection (IF) and in­
tensity (IT) and spore numbers in 200 ml of soil were 
measured 12 weeks after planting into plastic pots for 
1981 Greenhouse Study. Sycamore seedlings were preplant 
infested (Pre) in "book planters," post-plant infested 
(Pst) in the pots at the time of transfer from "book 
planters" or noninfested (Non) in which only pot culture 
filtrate was added to the soil. Glomus etunicatus was 
used as the infestant 
Pre Pst Non Pre Pst 
NF-SL* NF-SL^ NF-SL^ F-SL* F-SL^ 
PHl^ (mm) 6 5 7 7 8 
PH4 (mm) 14 12 15 15 15 
Hl^ (mm) 14 12 14 13 14 
H2 (mm) 16 15 14 17 16 
H3 (mm) 20 20 17 23 24 
H4 (mm) 26 29 23 36 39 
H5 (mm) 35 41 31 49 58 
H6 (mm) 50 62 45 75 94 
H7 (mm) 72 86 70 104 129 
H8 (mm) 103 116 102 139 164 
H9 (mm) 147 167 152 189 223 
HID (mm) 201 225 210 245 279 
Hll (mm) 261 287 272 293 341 
«12 (mm) 379 400 373 403 457 
Dia (mm) 5. 92 6. 24 5. 93 6. 27 6. 87 
LA (cm2) 976 1024 859 1013 1163 
Rwt (gm) 1. 65 1. 81 1. 72 2. 17 2. ,57 
Lwt (gm) 336 386 329 390 501 
Swt (gm) 1. 22 1. ,35 1. ,49 1. 58 2, ,02 
IF (%) 72 74 62 70 67 
IT 15 14 18 16 15 
Spores 145 303 228 2500 2422 
^F — nonfumigated soil; F — fumigated soil; L — Nicollet-
Webster loam; SL — sandy loam. 
^Shoot heights of seedlings while in the "book planters." 
^Shoot heights of seedlings while in the pots. 
Non 
F-SL' 
8 
14 
12 
13 
18 
20 
22 
29 
37 
52 
79 
115 
165 
281 
4. 
434 
1 .  
155 
0. 
0 
0 
1 
F-1 
4 
13 
15 
16 
19 
26 
33 
46 
65 
91 
136 
187 
251 
408 
5 
949 
1 
360 
1 
0 
G 
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Pre Pst Non Pre Pst 
NF-L* NF-I.* NF-L* F-L* F-L* 
5 7 8 5 9 
13 13 14 13 14 
18 17 18 16 17 
20 19 20 19 21 
27 25 25 30 29 
37 32 31 48 46 
50 43 41 76 74 
75 65 59 118 113 
105 93 83 164 154 
139 129 114 210 198 
197 184 165 286 268 
258 250 219 344 323 
321 315 2S2 406 386 
452 446 428 531 519 
6. 96 7. 09 6. 63 7. 81 7, 
L178 1172 1186 1558 1640 
2. 52 2. 30 2. 10 4. 26 3 
458 452 431 640 646 
1. 93 1. 80 1. 74 2. 97 , 2 
69 66 53 78 69 
"13 12 14 16 13 
136 214 44 1542 2181 
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attained an overall larger size giving a more positive growth response. 
The total available amount of N and P in leaf tissue in trees from 
infested treatments was significantly more than levels trees in non-
infested treatments (Appendix,Table 27). Like white ash, Nicollet-Webster 
loam gave trees with significantly larger total available amounts of 
N and P. In fumigated soil preplant and post-plant infestations were 
compared; no significant difference in total available N and P 
levels was noted, although the post-plant infestations gave larger 
values for all variables. Lack of significance also was seen when 
infestation times were compared for nonfumigated soil. Similar to 
other results, post-plant infested treatments gave larger N and 
P values. A comparison of infested and noninfested treatments gave 
no significant difference in total levels of available N and P. 
Characteris tics of mycorrhizae and fungal spore recovery 
Many vesicles generally were seen in mycorrhizae, with sycamore 
having the highest percentage of mycorrhizae with vesicles. As many 
as 61% of the mycorrhizae had cortical vesicles. Intercellular 
hyphae commonly were found in mycorrhizae of both sycamore and white 
ash. In some cases, very extensive intercellular hyphae were found. 
White ash appeared to have more intercellular hyphae ramifying between 
cortical cells. Infection was generally sporadic and, as Daft and 
Nicolson (1969) observed, infection areas would not encircle the cortex. 
Spore recovery at the end of the study indicated that the largest 
number of spores were recovered from fumigated soils (Tables 11 and 12). 
Spores, other than those used as infestants, were not found in abundance 
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(Table 13). Glomus mosseae was found more consistently than any other 
identified species. Species identification was not possible in some 
cases with only genus being determined, A frequently observed spore 
type was a hyaline spore with a roughed outer layer and diameters 
from 35 w-m to 130 ^ .m. 
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Table 13. Genera and species of Endogonaceae found in soils used in the 
1981 Greenhouse Study 
Infestation Soil condition Fungi recovered 
Preplant (Ge)^ Nonfum.^, SL^ 
Post-plant (Ge) Nonfvun., SL 
None 
Preplant (Ge) 
rosc-pianc 
Nonfum,, SL 
Nonfum., N-W 
iNonrum. , i\-w 
Glomus etunicatus 
Gl. albidus Walker & Rhodes 
Gl. sp. (hyaline 70-110 p.m) 
Gl. etunicatus 
Gl. mosseae 
Gl. sp. (hyaline 92 (ijn) 
Gl. sp. (brown 169 pm) 
Gigaspora sp. 
Acaulospora spinosa 
Gl. fasciculatus 
Gl. etunicatus 
Gl. mosseae 
Gl. sp (hyaline 50-100 pm) 
Gi. sp. 
A. spinosa 
Gl. etunicatus 
Gl. fasciculatus 
Gl. mosseae 
Gl. constrictus 
Gl. spp. (whitish 52-130 Vi-m) 
Gi. heterogama (Nicol. & Gerd.) 
Gerd, & Trappe 
Gl. ecunicacus 
Gl. mosseae 
Gl. fasciculatus 
Gl. epigaeus Daniels & Trappe 
Gl. constrictus 
Gl. macrocarpus 
Infestation of soil mix, in "book planters" with pot culture of 
Gl. etunicatus. 
^Nonfum. = nonfumigated soil. 
Sandy loam soil used in 1980 Microplot Study. 
^Infestation of soil in pots with pot culture of Gl, etunicatus. 
^Nicollet-Webster loam used in 1979 Microplot Study. 
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Table 13. Continued 
Infestation Soil condition Fungi recovered 
None Nonfum., N-•W Gl. mosseae 
Gl. fasciculatus 
Gl. macrocarpus 
Gi. sp. (golden 210 p-m) 
Gi. sp. (hyaline 185 pm) 
A. ; spxnosa 
Preplant (Ge) Fumigated, N-W Gl. etunicatus 
Gl. mosseae 
Gl. macrocarpus 
Post-plant (Ge) Fumigated, N-W Gl. etunicatus 
Gl. mosseae 
Gl. fasciculatus 
Gl. macrocarpus 
Gl. sp. (hyaline 45-110 p-m) 
None Fumigated, N-W Gl. fasciculatus 
Gi. sp. (golden 208 t^m) 
Preplant (Ge) Fumigated, SL Gl. etunicatus 
Post-plant (Ge) Fumigated, SL Gl. etunicatus 
None Fumigated, SL Gl. etunicatus 
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DISCUSSION 
Field Study 
The field survey was an attençt to determine that mycorrhizae of 
established trees did exist and to observe the extent of the relation­
ship. The fact that mycorrhizae were few and variable may be an indica­
tion that the soil fertility was too high, that too few root segments 
were examined to give a representative view of the mycorrhizal level 
or that the nature of the interaction with a mature tree was indicative 
of what was observed in this investigation. Seedling studies have 
shown that the trees selected for this survey have mycorrhizae (Clark, 
1969; Kessler, 1966; Khan, 1966; Marx, 1977; Schultz et al., 1981). 
However, the status of the mycorrhizal association in mature trees has 
not been thoroughly examined, the benefit or need of such a relation­
ship being unknown. The augmentation of the mycorrhizae in the root 
systems of established lawn trees through infestations with endo-
mycorrhizal fungi has not been examined but the potential may be signifi-
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equipped to compete with grass for available nutrients (Hall, 1978). 
This same advantage may occur with trees that must compete with grass 
roots. The establishment or augmentation with a compatible mycorrhizal 
relationship may provide for more competitive trees. 
The 1979 Microplot Study 
The Nicollet-Webster soil in this study was purchased because it 
was representative of soil found in central Iowa. The exact origin of 
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the soil was not known as were such factors as original vegetation, 
fertilization or other added chemicals which might have been used. 
The pH and phosphorus levels were tested and suggest that these 
factors were not inhibitory. 
The soil had been stored for at least 6 months. Such storage 
for extended periods has produced decreases in levels of viable 
vesicular-arbuscular mycorrhizal fungal spores (Rives et al., 1980). 
This might, in part, explain why spore counts were low. However, 
spore counts might not represent the mycorrhizal fungal populatior in 
soil. Prevalent endomycorrhizal fungi might not form spores that are 
easily extracted (Nicolson, 1967); consequently, spores of fungal 
species obtained might not be indicative of associated mycorrhizae and 
their fungi found in sampled trees grown in nonfumigated soil. Spores 
are viewed by some workers as not being the primary source of infestant 
but that infected plant roots are a more likely source (Rives et al., 
1980). Evidently, inocula in either form was sufficient because 
mycorrhizal fungal infection was seen readily in trees growing in non-
infested, nonfumigated soil. The fungal origin of the mycorrhizal re­
lationship was not known because indigenous fungi in the soil, extracted 
or not might produce mycorrhizae. 
The mycorrhizal fungi capable of producing an effective or compatible 
mycorrhizae could be determined by removing the indigenous fungi from 
soil and reinfesting the soil with a known mycorrhizal fungus. The 
removal can be accomplished through fumigation (Kleinschmidt and 
Gerdemann, 1972). The fumigated soil can be reinfested by adding 
mycorrhizal fungal spores, infected root segments or both from a pot 
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culture or unsterilized field soil. In this study, aliquots of soil 
from pot cultures were added to fumigated soil. Spores and infected 
root segments were abundant and provided ample infestant for fungal 
infection. The infestations resulted in high infection levels, although 
intensities and percentages of infection were variable within the 
fungal infestation treatments. Infection also occurred in trees grown 
in fumigated soil that was not infested with mycorrhizal fungi. The 
soil may have been reinfested by movement of animals onto microplot 
soil (Ponder, 1980). However, the significantly smaller size of 
"control" trees (for black walnut and white ash) suggested that in­
fection occurred later in the season. An advantage of artificial 
infestation of fumigated soil with mycorrhizal fungi is to establish 
mycorrhizae earlier in the season and subsequently produce larger 
seedlings (Tinker, 1978). This is illustrated in this study by the 
growth results for white ash and black walnut seedlings. The production 
of larger seedlings is often the goal in the nursery. 
The reinfestation of fumigated soil has been demonstrated to in­
crease the growth of several tree species (Clark, 1969; Gilmore, 1971; 
Kleinschmidt and Gerdemann, 1972; Marx, 1977). Therefore, the fact that 
the trees grown under conditions cf soil fumigation and reinfestation 
were significantly larger than trees in filtrate-infested soil was not 
an unexpected result. The objective of this study was not to repeat 
such findings but to examine whether the endomycorrhizal fungi that 
were used as infestants differed in their ability to enhance growth with 
the various tree species selected. Differences have been demonstrated 
in previous studies (Mosse, 1972a; Nosse and Hayman, 1971). Although 
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differences between growth of trees existed in this experiment, there 
was no significant difference (P = 0.05) among fungal infestation 
treatments. The infection percentage levels were not significantly 
different between the mycorrhizae and associated mycorrhizal fungi. 
Differences that did exist between fungal treatments may be at­
tributed to effectiveness or efficiency of the mycorrhizae. Different 
species of fungi or isolates could provide varying effects on the 
host (Mosse, 1972a; Tinker, 1978). 
The mycorrhizae may possess different morphological characteristics. 
Differences in structural components, such as a greater•production of 
arbuscules, may allow for a more efficient means of transfer of materials 
from fungal component to host component. However, consistent differences 
were not seen between the mycorrhizae of the infestation treatments, 
and since so few arbuscules were observed, such a structural method 
used as an indicator of efficiency would be difficult to interpret. 
Similarities of internal structures suggested that any specificity or 
efficiency among the mycorrhizae that did exist was the result of other 
characteristics of the interaction. One such possibility could be a 
difference in development of external hyphae. The quantity and distribu­
tion of external hyphae could influence the efficiency of a mycorrhiza 
(Sanders and Tinker, 1973), An increase in external hyphae would aug­
ment the absorptive capacity of the plant and a mycorrhiza possessing 
a greater network of hyphae would be of greater benefit to the plant 
(Linderman, 1981). The external hyphal development may be the 
inherent nature of the fungus or the result of an interaction with a 
particular host, or controlled by edaphic factors (abiotic and biotic). 
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character of the soil may affect the external extension of the mycorrhiza 
without noticeably influencing the internal development. For the 
most part, the internal development of a mycorrhiza is dependent on 
the external hyphae as a means of spreading the fungus throughout the 
root system. The extent of external hyphal development has been sug­
gested to vary with soil type (Mosse and Hayman, 1971). Temperature, 
light and pH could influence a mycorrhizae differentially (Green et al., 
1976; Schenck et al., 1975a). But whether such factors created the 
differences in this study was unknown. 
Although a strong host-fungus specificity was not apparent in in­
fested, fumigated soil, specificity might have occurred in nonfumigated, 
noninfested soil where the mycorrhizal black walnut surpassed the height 
of the mycorrhizal trees in infested, fumigated soil. The indigenous 
fungi might have been more adapted to the soil type, thereby creating 
a more effective relationship. This was not seen with poplar and white 
ash suggesting that the mycorrhizal interaction in black walnut might 
have been mors efficient or compatible because infection levels were 
comparable to that found in the trees in infested, fumigated soil. 
Factors to consider are that in nonfumigated soil, antagonism of ex­
ternal hyphae coupled with competition for nutrients from weeds and 
microorganisms may be involved in reducing the growth of poplar and 
vhits ash. In nonfuzigated soil when weeds were removed, vhite ash 
(grown in containers) exhibited growth comparable to trees grown in 
"sterilized" soil infested with endomycorrhizal spores (Clark, 1969). 
Weeds (grass) can be intense competitors for nutrients; however, black 
walnut would appear not to have been influenced in the same fashion 
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as the other trees. Root geometry or distribution may have reduced 
the extent of competition by weed roots. 
The 1980 Microplot Study 
Soil and mycorrhizal fungal infestants 
The removal of indigenous mycorrhizal fungi through fumigation 
with methyl bromide allowed for the screening of those introduced endo-
mycorrhizal fungi used in this experiment. Fumigation with methyl 
bromide can be effective in killing indigenous endomycorrhizal fungi 
(Ross and Harper, 1970); however, in some cases, fumigation did not 
competely eliminate the endomycorrhizal fungi (Filer and Toole, 1968). 
With so few trees in control plots developing mycorrhizae and the 
fungal isolation attempts proving negative, the fumigation appeared 
effective. An effective fumigation process gave assurance that the 
mycorrhizae in trees grown in fumigated soil originated from the endo­
mycorrhizal fungus used to infest that soil. Such assurances are 
needed if screening of fungi is to be meaningful. 
To assure that the infestant would be in close proximity to 
roots, pot culture material was packed around the roots. This created 
a situation whereby when roots began growing, "they" would grow through 
a layer of spores and infected root segments. The growth of roots through 
a layer of infestant has been shown to be effective for assuring the 
development of mycorrhizae (Mosse and Hayman, 1971). The amount and 
placement of fungal material would vary with host and area to be in­
fested. For lawn or orchard trees, placement could be confined to areas 
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around the base of the tree (Kleinschmidt and Gerdemann, 1972), While 
for nurseries the infestant level and coverage of mycorrhizal fungi 
in soil could be increased by planting "nurse" plants such as corn, 
sorghum or other suitable hosts that develop mycorrhizae and provide 
for spore production (Kormanik et al., 1980a). 
In this experiment, the amount of infestant added to each planting 
site and to the individual slots of the (Spencer-Lamare) root-trainers 
was 30 ml of material from the pot culture. This small portion of the 
pot culture provided as many as 6900 spores and unknown numbers of 
mycorrhizal segments. The confined nature of the infestation allowed 
for spores to be in close proximity to roots and subsequent mycorrhizal 
development, determined when roots were examined. The infestant levels 
were sufficient to produce mycorrhizae in seedlings before outplanting, 
demonstrated when roots of remaining seedlings were examined with both 
light and scanning electron microscopy. 
High phosphorus levels can reduce the need and development of 
mycorrhizae (Daft and Nicolson. 1969b). In order to examine the need 
of infestation of nonfumigated soil, P-deficient soil was selected 
that would accentuate the influence of mycorrhizal development. An 
infertile soil would also simulate conditions that may be found at the 
site of a new building where tree seedlings normally would be planted. 
In many instances; topsoil is removed or is covered by a layer of in­
fertile subsoil in which tree seedlings are planted. The low fertility 
of such a soil coupled with possibly low infestant levels enhances the 
potential for growth stimulation through the introduction of mycorrhizal 
fungi known to be effective symbionts with the planted seedling. The 
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sandy loam soil selected for this experiment was deficient in phosphorus 
(10 ppm) and simulated soil that may be found at new building sites. 
White ash growth responses 
Infestations of fumigated soil enhanced tree growth (Table 18). 
In nurseries where soil fumigation is a common procedure, the practice 
of infesting soil with mycorrhizal fungi may be a worthwhile undertaking 
for certain tree species. Even with applications of phosphorus 
fertilizer, mycorrhizal seedlings have been shown to grow taller than 
nonmycorrhizal seedlings (Mosse, 1973). The method of infestations would 
have to be modified to allow for dispersing the fungi over a large area 
but the basic concept of bringing roots into contact with endomycorrhizal 
fungi at an early stage of development is the same. Work has been done 
and studies are underway to develop such infestation programs (Klein-
schmidt and Gerdemann, 1972; Marx, 1977; Schultz et al., 1981). The 
impetus of these programs is to produce a seedling that attains the 
proper transplanting size sooner and has a greater potential for out-
planting survival. This study has demonstrated the need for such soil 
infestations when soils are fumigated. 
In nonfumigated soil, the same method for infesting soil with endo­
mycorrhizal fungi may prove to be a benefit to trees being outplanted 
in "adverse sites" or lawn sites. In this experiment, growth of trees 
planted in soil infested with the selected fungi was substantially 
greater than growth of trees in the noninfested soil (Table 18). The 
lower level of mycorrhizae in noninfested soil may explain the difference 
in growth because the percentage of mycorrhiza after 8 weeks was only 
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77o. The greater infestant level in post-plant infested soil provided 
for greater root contact with fungal material and subsequently greater 
level of mycorrhizae. This in turn may have stimulated a more pro­
nounced growth response. Increased growth from an earlier mycorrhizal 
infection has been suggested to be one of the advantages of artificial 
infestations of nonfumigated soil (Tinker, 1978). 
Although root weights were not significantly different, the per­
centage of mycorrhizae, a possible reflection of amount of external 
hyphae that spreads the fungus, was significantly different in favor of 
"infested" trees. An extensive network of external hyphae would provide 
a greater capacity for absorption that would further augment an already 
larger root system. Even when mycorrhizal levels are similar, the 
mycorrhizae may be different, «ith one mycorrhiza being more effective 
or efficient than another. However, there was no practical means of 
determining (in the infested, nonfumigated soil) whether the mycorrhizae 
resulted from the introduced fungi or indigenous mycorrhizal fungi. 
The development of mycorrhizae in fumigated soil would suggest that 
introduced fungal infection and subsequent mycorrhizae were possible, 
but in the nonfumigated soil one could not be certain, although it is 
likely that both introduced and indigenous fungi were infecting the root 
and producing mycorrhizae. 
The determination of mycorrhizae was made on trees removed 8 and 
16 weeks after planting into microplots. In some instances, mycorrhizal 
development was greater in trees sampled after 8 weeks. This could be 
explained in part by the fact that a more confined root system would 
most likely come in contact with more fungal material allowing for a 
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more frequent detection of mycorrhizae. The percentage of mycorrhizae 
for the trees growing in noninfested, nonfumigated soil was only 7% 
after 8 weeks, but 59% after 15 weeks. This saze phenomenon was ap­
parent for all tree species. The low infestant level could explain 
the low mycorrhizal percentage after 8 weeks with further increases in 
number occurring when external hyphae of the mycorrhizae grew along the 
root surface reinfecting at various points. Infection in this manner 
was observed to occur in onion roots (Cox and Sanders, 1974). 
A comparison between the infestants within each "infestation time" 
treatment provided for information on specificity or efficacy of the 
associated mycorrhizae. In the greenhouse, infestations with G. 
fasciculatus would appear to be of greater benefit that might extend 
into field outplanting (Table 18). The margin of difference between 
the infestants was greater under "sterile" soil conditions or more ideal 
growing conditions (in "book planters"). When infestations occurred in 
microplots, the differences were less noticeable, although overall G. 
fasciculatus infestations provided greater growth enhancement. This 
also was noted in fumigated soil. The results suggested that there are 
differences in growth promoting potential of the mycorrhizal fungi as 
suggested by others (Mosse, 1972a; Mosse and Hayman, 1971; Sanders et 
al., 1977; Powell, 1976b, 1977; Tinker, 1978). 
For comparisons o£ infested to noninfested soil, the 2 infestants 
and the time of infestation were combined. With the exception of root 
weight, the infestations were of benefit but because the "preplant in­
fested" trees grew so little, a comparison of the "post-plant infested" 
trees with the "noninfested" trees was made. The infestation provided 
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greater growth responses in every category with all being significantly 
greater except root weight. The percentage mycorrhizae after 16 weeks 
was not significantly different. The introduced fungi might be more 
effective than the indigenous mycorrhizal fungi (Mosse, 1975; Powell, 
1976b, 1977) and such infestations could improve plant growth. 
The analyses of N and P revealed that in fumigated soil, signifi­
cantly more total available N and P was associated with the shoots of 
those "infested" trees. The "infested" trees were significantly larger 
than those "noninfested" trees and provided more tissue that in turn 
supplied more N and P. Large increases in growth are associated with 
large increases in the uptake of phosphorus (Hayman and Mosse, 1971). 
The slow diffusion of phosphorus in soil creates depletion zones around 
roots. However, mycorrhizal roots possess external hyphae that can 
extend beyond this zone into the ambient soil and greatly increase the 
P-absorptive capacity. For white ash, this was demonstrated by more 
total available P and significantly greater shoot growth for the 
mycorrhizal trees. Different in the total available N and P mycorrhizal 
fungi have inherent P-absorbing capacity differences (Powell, 1977). 
The mycorrhizae of G. fasciculatus, from infestations of fumigated soil, 
provided trees with significantly more total available P. This dif­
ference, although not significant, also was seen in nonfumigated soil 
where trees grown in soil infested with G. fasciculatus had substantially 
more total available P. 
Soil infestations were more effective in stimulating growth and 
increasing the amount of total available N and P. In nonfumigated soil, 
the benefits of fungal infestations were not as clear. The "infested" 
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trees were significantly larger in shoot height and had subsequently 
more total available N and P, but the "noninfested" trees had a larger 
root system and less total available N and P. Introduced endophytes 
have been shown to increase the P-uptake more than indigenous ones 
(Mosse et al., 1976). To a degree, this was the case when the endo-
mycorrhizal fungi were infested into nonfumigated soil. Jfycorrhizae 
from both the indigenous and introduced mycorrhizal fungi appeared 
more effective than from indigenous fungi alone. 
Green ash growth responses 
The difference in growth between trees planted in infested soil 
and those in noninfested, fumigated soil suggests a potential for growth 
enhancement from infestations of soil. When excessive fertilization of 
soil is economically not feasible, this potential may become a necessity. 
The reaction of both green and white ash to the lack of mycorrhizae and 
low phosphorus fertility may be what was seen with sweetgum where non-
mycorrhizal seedlings would not develop past the primary leaf stage 
(Bryan and Kormanik, 1977). The infestation of fumigated soil produced 
significantly larger trees (green ash); however, the infestants were not 
significantly different in their growth enhancement potential, both 
stimulating substantial growth. A comparison of these infestants in 
the greenhouse (HO of preplant comparison, Table 20) with infestations 
occurring in microplots gave no significant difference. Such contrasts 
would indicate the lack of any strong specificity or a similarity in 
the potential of the interaction. In any case, the infestation with 
either fungus in fumigated or nonfumigated soils appears beneficial. 
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The outplanting of mycorrhizal seedlings was contrasted to the potential 
of infestations at time of outplanting (Table 20). Post-plant in­
festations stinKilated growth but the "preplant infested" trees grew 
very little. At time of outplanting, the trees were, for the most part, 
the same chronological age. However, Hunt et al. (1975) suggested that 
plants may be of different physiological ages. The mycorrhizal seedlings 
(preplant treatment) appeared to have gone into dormancy before out-
planting and growth that did occur was from lateral buds. Mycorrhizal 
plants have been shown to mature earlier (Daft and Okusanya, 1973). 
This may explain the possible dormancy. A comparison of performance 
differences in the field were likely to be erroneous since any growth 
response for the "preplant infested" trees was, for the most part, the 
growth in the greenhouse. A comparison was made of trees grown in in­
fested soil with those grown in noninfested, nonfumigated soil (Table 20). 
The seedlings grown in noninfested, nonfumigated soil were significantly 
smaller in shoot height when outplanted but the differences were soon 
negated and the seedlings in the noninfested soil eventually outgrew 
(shoot height) those seedlings grown in soil infested with either of 
the fungi. The percentage of mycorrhizae may indicate that roots came in 
contact with sufficient infestant or that the fungus quickly spread 
from several isolated infection sites. This rapid spread may be a 
reflection of compatibility between the indigenous mycorrhizal fungi 
and green ash. 
Root and stem samples were examined for N and P levels. Those 
"noninfested" trees had more root tissue. This explained the slightly 
higher levels of N and P in the root samples over those from "infested" 
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trees. The opposite was true for stem samples, the "infested" trees 
having significantly more total available N and P. The stem weights 
were not significantly different but weights could account for some of 
the difference between treatments. A more efficient absorption of N 
and P by mycorrhizal trees produced from introduced fungi may explain, 
in part, the greater levels of N and P. 
A difference in levels of N and P in stems of the "post-plant 
infested" and "preplant infested" trees was most likely the result of 
greater growth produced by the "post-plant infested" trees in the micro-
plots. The larger mass of roots and mycorrhizae in the "post-plant 
infested" trees would allow for greater absorption of N and P and their 
subsequent accumulation in stem tissue. 
In fumigated soil the "infested" trees were significantly larger, 
for every growth variable, than those nonmycorrhizal trees that gave no 
shoot growth. This significant difference was not reflected in total 
available N and P levels in the stem sample. The root sample was signifi­
cantly larger for the mycorrhizal trees aud izliis would account in part 
for the significantly larger amounts of N and P. However, stem weight 
was also significantly greater for mycorrhizal trees but the amount of N 
and P in stem tissue was not significantly different. The accumulation 
of nutrients in root tissue of the mycorrhizal trees could deprive the 
stem tissue of N and P. Root weight was the largest for this mycorrhizal 
treatment compared with other treatments. A rapidly growing root system 
would assimilate more N and P and retain these nutrients to sustain 
root growth. The mycorrhizae might be storing phosphorus as suggested 
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by Lewis (1980) with concentrations of phosphorus being higher in 
mycorrhizal plants (Smith and Daft, 1978). 
Sycamore growth response 
The growth of sycamore trees grown in fumigated soils that were 
infested was significantly greater than trees in noninfested soil. 
In contrast with either green and white ash, "noninfested" sycamore 
seedlings did grow (109 mm), although substantially less than trees 
in infested soil. By week 16, some trees were mycorrhizal. In in­
fertile, fumigated soil, infestations proved to be of significant 
benefit to the overall growth enhancement of sycamore in at least 
their early stage of development. 
A comparison of infestants revealed that the mycorrhizae resulting 
from infestations of G. fasciculatus stimulated greater growth and pro­
vided a greater percentage of mycorrhizae. After 16 weeks, the level of 
mycorrhizae G. fasciculatus was 67% as compared to 23%. The percentage 
of mycorrhizae of G. etunicatus on the samples removed at 8 weeks had 
been 65%. The drop in percentage for G. etunicatus mighc be related to 
less external hyphae, generally the means by which the fungus spreads 
throughout a root system. This would expecially be the situation in 
fumigated soils where roots growing beyond the infestant would not come 
in contact with viable fungal material. The smaller trees associated 
with the G. etunicatus infestations also could be the result of less 
external hyphae. 
The differences in the mycorrhizal levels of the infestants in 
post-plant infested treatments in nonfumigated soil was not significant 
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nor substantial. The mycorrhizal levels were only slightly different, 
although as before, the G. fasciculatus infestations provided for greater 
growth. The mycorrhizal levels may have been greater because indigenous 
fungi were available for roots to contact when they grew beyond the site 
of infestation. The hypothesis that G. fasciculatus mycorrhizae have 
a greater development of external hyphae was still a plausible explana­
tion for the greater growth stimulation. This same hypothesis might 
explain why G. fasciculatus preplant treatments provided greater growth, 
although percentage of mycorrhizae was similar. Trees being outplanted 
would begin with established mycorrhizae and thereby develop more 
rapidly an external system of hyphae. Another possibility could be that 
the exchange of nutrients within the mycorrhizae was more efficient for 
mycorrhizae of G. fasciculatus. This efficiency could be reflected in 
vesicle formation (storage organs). Mycorrhizae of G. fasciculatus 
tended to have more vesicles in each mycorrhizal segment, and a greater 
percentage of segments contained vesicles. 
The mycorrhizal seedlings (preplant infested) were larger at time 
of outplanting and retained this size advantage, although "post-plant 
infested" trees grew more during the season. This growth response 
was reflected in a greater root system. Although significant dif­
ferences existed between treatments (post-plant and preplant), the 
fact that trees in both became and were mycorrhizae showed the benefit 
of mycorrhizal trees for outplanting (Table 22). However, trees in 
nonfumigated, noninfested soil became mycorrhizae and did show a 
substantial increase in growth over the season. The introduction of 
endomycorrhizal fungi could provide for mycorrhizal development until 
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an indigenous mycorrhizae became established (Powell, 1976a). Hyphal 
attachments from grass or weeds could be important but roots of trees 
initially outplanted are below this zone of infestant providing a need 
for infestations (Powell, 1976a). A comparison of post-plant infesta­
tion with no infestation in nonfumigated soil showed that infestations 
were beneficial, although not significantly (Table 22). The larger 
root system might be the greatest benefit imparted to the "post-plant 
infested" trees because a more rapidly augmented root system would 
provide for a greater exploitation of soil and for a greater potential 
for survival under adverse conditions sometimes encountered at lawn 
sites. The high degree of fungal infection in this larger root 
system further enhances the potential for increased growth and sur­
vival and possibly for less shoot dieback. 
An N and P analysis was performed on root and shoot systems to 
determine total available N and P for treatments. In nonfumigated soil, 
the "noninfested" trees had a smaller shoot system but levels of total 
available N and P were greater than the "infested" trees. However, in 
roots more total available N and P was associated with the "infested" 
trees. The larger root mass of the "infested" trees provided more N 
and P. More N and P might have remained in roots because less total 
available N and P were found in shoots, although the overall weight was 
greater. Discrepancy between shoot and root levels of N and P was a 
problem recognized earlier (Lewis, 1980), where the distribution of 
nutrients was influenced by development of VA mycorrhizae. Any state­
ments about mycorrhizal efficiency should include both root and 
shoot systems nutrient analyses (Lewis, 1980). The results of stem 
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analyses would suggest that because more N and P were associated with 
stems of the "noninfested" trees, the indigenous mycorrhizal fungi might 
be more efficient. On the other hand, root analyses could indicate 
that mycorrhizae of trees grown in soil infested with the introduced 
mycorrhizal fungi were as efficient and have stimulated more root 
growth providing for more total available N and P. This difference in 
distribution was not seen in the remaining comparisons. 
The total available N and P levels for infestation times were 
not significantly different, being indicative of the lack of difference 
in overall growth. A slightly higher level of mycorrhizae might have 
resulted in the difference in P absorption that existed in favor of the 
"preplant infested" trees. 
In fumigated soil, the stimulation of growth from mycorrhizae 
fostered a greater accumulation of N and P in both stem and root tissues. 
The greater growth of the root system of mycorrhizal trees would pro­
vide for more shoot growth and improved nutrient status of the tree. 
Spore extraction from microploc soil in 1980 
The amount of soil removed for spore extraction varied. In some 
cases, the extension of roots necessitated removal of more soil for 
some treatments. Because of this, numbers of spores could not be used 
as a means of contrasting treatment effects. Spore extractions provided 
information on the indigenous mycorrhizal fungal population. Whether 
these fungi were symbionts with the selected tree species was not known. 
Further isolations, single spore culturing and reinfestations into 
fumigated soil would be needed to determine whether the extracted spore 
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species were capable of forming compatible mycorrhizal relationships. 
Some of the fungal species isolated have in the past been associated 
with these tree species. G. mosseae has been shown to have a wide host 
range and has formed endomycorrhizae with green and white ash, and 
American sycamore (Marx, 1977) . This particular fungal species was 
found commonly in soil and its spores generally appeared viable. 
G. fasciculatus also was found commonly and it too has been shown to 
form mycorrhizae with green and white ash, and American sycamore 
(Jacobson et al., 1979; Marx, 1977). 
The 1981 Greenhouse Study 
General considerations and seedling preparations 
The seedlings remaining in the "book-planters" after seedling trans­
planting to the pots were examined for mycorrhizae. Both white ash 
and sycamore seedlings had mycorrhizae. The sycamore roots contained 
arbuscules, vesicles and hyphal coils. This is consistent with 
previous observations in sycamore roots (Jacobson et al., 1979). Initial 
fungal infestation occurred within 3 days after seed germination, 
arbuscules developing after 9 days and vesicles within 12 days. 
White ash growth responses 
Infestations of G. etunicatus into fumigated soils were made in 
order that mycorrhizal development by this fungus and tree growth stimula­
tion could be examined in absence of other mycorrhizal fungi. How­
ever, no test for the effectiveness of fumigation was made because of 
the consistency of the soil (shredded), the volume of soil fumigated 
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was well within the capacity of the canister of methyl bromide and 
the fact that in previous tests fumigation proved effective. No 
raycorrhizal infection in trees in noninfested, fumigated treatment sug­
gests that the fumigation was effective. 
A highly significant difference was demonstrated when "infested" 
trees were compared to "noninfested" trees in either soil type. These 
results were not surprising because in previous studies the dependency 
of white ash on the mycorrhizal association for normal growth had been 
demonstrated (Clark, 1969; Marx, 1977). Growth of "noninfested" seed­
lings soon became stagnate while those infested, and presumably 
mycorrhizal, seedlings were showing growth stimulation. The significant 
difference in growth suggested a strong need for mycorrhizal develop­
ment. This would warrant the infestation of endomycorrhizal fungi into 
fumigated soils when soil fertility is not excessive. 
Phosphorus fertility of soil influenced the development of 
mycorrhizae and associated fungi (Daft and Nicolson, 1969b). Higher P 
levels in the plant reduced root exudates that prevented sustained fungal 
growth and infection (Ratnayake et al., 1978). The level of P in soil 
becomes an important factor in determining the success of soil infesta­
tions and host response to subsequent fungal infection. This might be 
a partial explanation for "preplant infested" trees showing a greater 
growth than those "post-plant infested" trees in Nicollet-Webster loam, 
the reverse being the result in the sandy loam. In Nicollet-Webster 
loam the higher phosphorus level might have had an inhibitory effect 
on germination and growth of the mycorrhizal fungus and a subsequent 
influence on development of mycorrhizae. This same effect also was 
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seen in fumigated soil but to a lesser extent. In sandy loam "post-
plant infested" trees were significantly greater in several growth 
categories. In Nicollet-Webster loam the difference was less, although 
the "post-plant infested" trees showed an overall growth advantage. 
This suggested that, in soils with higher P levels, providing for es­
tablished mycorrhizae before outplanting (preplant infested) could prove 
to be more successful than infesting the soil at the time of outplanting 
(post-plant infested). 
Factors other than fertility might be influential. The post-plant 
infestation, fumigated soil, treatment was not affected like the non-
fumigated soil treatment indicating that the removal of antagonistic 
organisms during fumigation also may be affecting the growth of the endo-
mycorrhizal fungus and its mycorrhizae. Competition and antagonism 
from native soil flora including indigenous mycorrhizal fungi will be 
a problem in field infestations (Bowen, 1978). 
A comparison of "post-plant" to "noninfested" trees found the latter 
exhibiting greater growth. This further suggested that spores being intro­
duced were not germinating or that hyphae were not developing properly. 
Soils affected the development of external mycelium (Mosse and Hzyman, 
1971) that in turn would influence the development of spores. Antagonism 
from actinomycetes might be associated with low spore numbers and reduc­
tion in external hyphal development (Ross, 1979). The fact that indigenous 
spores provided for adequate mycorrhizae might imply that these spores 
were better adapted to conditions (fertility and microflora) in the 
Nicollet-Webster loam. A comparison of post-plant infestation in non-
fumigated sandy loam to the same treatment in Nicollet-Webster loam 
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showed that twice as many spores (200 ml of soil) were recovered from 
the sandy loam (Table 11). The lower number of spores might have re­
sulted from the influence of fertility or antagonism in the Nicollet-
Webster loam. Antagonism and higher levels of P have been shown to re­
duce spore numbers (Khan, 1975; Ross, 1979). These conditions might 
have influenced the mycorrhizal levels because the intensity and degree 
of fungal infection were greater in trees grown in sandy loam. Spore 
numbers did not appear as a reflection of fungal infection percentage 
that was consistent with the findings of Powell (1977) but contradictory 
to observations of Daft and Nicolson (1972). 
The concentrations of N and P in leaf tissue were not significantly 
different between "infested" and "noninfes ted" trees. This was 
consistent with the findings of Schultz et al. (1979). However, the 
difference in the total amount of available N and P was significant. 
The larger amount of tissue in the infested treatments provided for 
greater total available N and P that resulted in a dilution effect 
producing concentration similarities. Mycorrhizal trees are able to 
exploit a greater volume of soil by means of larger root systems and 
external fungal hyphae from the mycorrhizae. This would account for 
more N and P and larger trees. External hyphae have been shown to 
absorb P for as much as 7 cm from the mycorrhiza surface (Rhodes and 
Gerdemann, 1975). The small volume of soil in pots would allow hyphae 
to extend throughout the available soil. The greater availability of 
N and P in a more fertile soil provided for their greater absorption 
indicated by contrasting the results in sandy loam and Nicollet-Webster 
loam. Trees in Nicollet-Webster loam were significantly larger and 
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therefore had significantly more total available N and P. 
In fumigated soil, the post-plant infestations provided for greater 
N and P values because of a substantially larger leaf area. In non-
fumigated soil, levels of N and P were also larger for post-plant in­
festations especially in sandy loam. This was similar to that found 
when growth variables were compared in that "post-plant infested" trees 
were larger in sandy loam. A comparison of infestation to noninfesta-
tion revealed that significantly more N and P in leaf tissue of "infested" 
trees was found when trees were grown in Nicollet-Webster loam. 
The percentage of mycorrhizal infection was not substantially 
different among "infested" treatments; however, trees grown in Nicollet-
Webster loam showed greater absorption of N and P. The more fertile 
loam provided larger trees with larger root systems. Therefore, these 
trees were able to exploit more soil and when coupled with a high level 
of mycorrhizae allowed for a greater absorption of N and P. Although 
mycorrhizal levels were similar in both soil types, the larger root 
systems of trees in Nicollet-Webster loam had more root tissue to be 
mycorrhizae. Adequately levels of P (as in Nicollet-Webster loam) 
in root tissue would reduce the amount of root exudation. This would 
remove the needed energy source for germ tube development of mycorrhizal 
fungi (Graham et al., 1981). Less infestant in soil (like the non-
infested treatments) vould reduce the likelihood of spores being close 
enough for sufficient germ tube growth for root contact. Infestations 
would provide spores in close proximity to roots. Endogenous food 
reserves of spores would support enough germ tube growth for root 
infection. Therefore, infestations would allow for a quicker estab­
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lishment of mycorrhizae and thereby faster stimulation of growth. 
In sandy loam, the spores would not have to be as close to the root 
as in the Nicollet-Webster loam because less fertile soil (10 ppm of P) 
might result in more root exudation, thereby supplying the energy needed 
for extended germ tube growth. Fungal infection in "noninfested" 
trees could be as rapid (in sandy loam) as when spores were infested 
into the soil because proximity of the propagules would not be as 
essential for rapid fungal infection. 
Sycamore growth responses 
After 12 weeks, sycamore continued to have a rapid growth rate. 
Even trees in the noninfested treatments exhibited a continued positive 
growth response. Those "noninfested" trees grown in the more fertile 
Nicollet-Webster loam grew at a comparable rate to the "infested" 
seedlings. This appeared consistent with the literature where under 
higher P levels the need for mycorrhizae for normal growth is lessened. 
Sycamore appears less dependent on mycorrhizae than white ash. 
The sycamore infestation-time treatments responded, early in the 
study, in a similar fashion as the white ash. However, by the 12th 
week, differences between the infestation times were less evident. 
When comparing infested with noninfested treatments, no significant 
differences in growth responses of the trees were noted, although in most 
instances, the "infested" trees were substantially larger after 5 cr 7 
weeks. This discrepancy in growth gradually was degraded and the final 
shoot heights were similar. A comparison of "post-plant infested" 
trees with "noninfested" trees in sandy loam showed that after 5 weeks 
the "infested" trees were substantially larger. Mosse (1977) observed 
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that "infested" plants in unsterile soil grew better until they became 
pot bound. Such may be the case in this study whereby the "infested" 
trees grew at a slower rate near the end of the study. The infestation 
of soil could still be of benefit since the higher infestant level in 
the soil might allow for quicker establishment of mycorrhizae. Eventually 
the development of mycorrhizae were similar (percentage fungal infec­
tion) like most of the growth responses. 
There have been contradictory views on what is a sufficient in­
festant level. Some workers have shown a difference in growth related to 
infestation levels, the greater growth from treatments with more in­
festant (Daft and Nicolson, 1969a). Others have observed the develop­
ment of high mycorrhizal levels from low infestant concentration of 
spores (Nicolson, 1967; Mosse and Bowen, 1968). The number of spores 
in soil was not always a good reflection of infestation level because 
some endomycorrhizal fungi produce few spores (Nicolson, 1967). Fungal 
infection of nonmycorrhiza1 roots often occurred from external hyphae 
originating from other mycorrhizal areas on the same root or host, or 
from other plants. The number of spores was thought to be a measure of 
infection (Daft and Nicolson, 1972; Hayman, 1970). Spore counts were 
made from soil from 2 of the 5 benches, thereby giving 2 counts for each 
treatment (Tables 11 and 12). White ash (Table 24) gave no indication 
that there was a correlation between the degree of fungal infection and 
the number of spores. Less phosphorus in the soil (sandy loam) did not 
increase spore numbers. A somewhat similar response was noted for syca­
more (Table 26) in that the number of spores in sandy loam was similar 
to Nicollet-Webster loam with the exception of the noninfested, non-
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fumigated treatment for the latter loam soil. In this case, a lower 
fungal infection level produced fewer spores. 
Concentration of stem tissue P in sycamore was not significantly 
different between infested and noninfested treatments. However, the total 
level of available P was greater for "infested" (mycorrhizal) trees. 
The significantly larger amounts of tissue would explain why the 
concentrations were similar but the overall levels of P were greater. 
If only concentration levels were considered, it would appear that 
the absorption of P was not significantly different. Previous re­
search has found that mycorrhizae increase the uptake of P in infertile 
soils (Gray and Gerdemann, 1967) . The total amount of available N and P in "in­
fested" (mycorrhizal) trees would indicate that such was the case in 
this study. This increase in nutrient absorption was reflected in 
significantly larger trees. 
In the more fertile soil (Nicollet-Webster loam), the absorption of 
N and P was significantly greater for both concentration levels and 
total amounts. This again was reflected in larger trees. 
The post-plant infestations provided greater total levels of 
available N and P in fumigated soil (both soil types), although concentra­
tions were variable. The larger leaf area of "post-plant infested" trees 
in either soil type gave greater total available N and P. The apparent 
establishment of compatible mycorrhizae stimulated the growth of these 
trees. In nonfumigated soil, the levels were not significantly dif­
ferent but like the fumigated soil the values were larger for "post-plant 
"infested" trees. The greatest difference was found in sandy loam where, 
like the growth variables, "post-plant infested" trees had greater values. 
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The less fertile sandy loam might have been responsible for less of an 
inhibition to development of the mycorrhizal fungus and mycorrhizae, 
allowing for greater exploitation of the ambient soil of the roots 
and thereby greater N and P absorption. 
The larger trees of the infestation treatments had larger, but not 
significantly larger, root systems than trees of the noninfested treat­
ments. Consequently, high mycorrhizae levels would provide for even 
greater difference in the assimilative capacity. This was demonstrated by 
the larger values of total available N and P, although the concentrations 
in the tissue were almost identical. The similarities in N and P levels 
would suggest that indigenous mycorrhizae were capable of assimilating 
comparable amounts of N and P from soil, although their efficiency might 
be slightly less. 
Spore extraction from 1981 greenhouse study 
Spore extraction results provided information on possible fungal 
symbionts. G. mosseae spores were found commonly in both soil types. 
G. mosseae has been shown to be mycorrhizal with white ash and American 
sycamore (Marx, 1977). G. fasciculatus was found in both soil types 
and also has been shown to form mycorrhizae with white ash and American 
sycamore (Jacobson et al., 1979; Marx, 1977). A commonly found spore 
type was characterized by a whitish spore with a roughened outer wall 
layer. Whether any of these or other indigenous spore types formed 
mycorrhizae with American sycamore and white ash was unknown. 
Single spore cultures and further infestations in fumigated soil with 
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these spore types would be necessary to determine if these spore types 
formed mycorrhizae with white ash or American sycamore. 
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SUMMARY 
Endomycorrhizae were associated with black maple, green ash, 
American sycamore, black walnut and eastern cottonwood. Infection was 
observed to be sporadic and consisted of hyphal coils and vesicles. 
Fungal infestations of fumigated Nicollet-Webster loam in microplots 
(1979) with Glomus fasciculatus isolates and G, etunicatus usually resulted 
in significantly larger trees. No significant difference (P=0.05) among 
infestants was observed although for white ash and poplar clone NC 5326, 
the two G. fasciculatus isolates stimulated substantially greater growth 
than G. etunicatus. The differences among infestants were slight with 
black walnut. White ash and black walnut were significantly smaller in 
noninfes ted, fumigated soil while poplar clone NC 5326 was not. How­
ever, many poplar root segments were mycorrhizae. When trees were 
grown in noninfested, nonfumigated soil, only black walnut grew larger 
than trees grown in infested, fumigated soil. 
Fungal infestations of sandy loam in microplots (1980) with G. 
fasciculatus and G. etunicatus resulted in significantly larger white 
and green ash, and American sycamore than when only pot culture filtrate 
was added. Significant differences between the infestants were noted 
in fumigated soil (with the exception of green ash), but when infestants 
were added to nonfumigated soil, differences were not significant. In­
festations of nonfumigated soil at the time of outplanting into micro-
plots provided for significantly larger white ash, but not green ash 
or American sycamore, than trees grown in noninfes ted, nonfumigated 
soil. Larger trees usually resulted in greater available N and P 
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totals in root and stem tissue. 
Growth of nonmycorrhizal American sycamore would indicate that 
this species was not as dependent on mycorrhizae for normal growth as 
was white ash. In the greenhouse (1981) infestations, whether preplant 
or post-plant, of fumigated Nicollet-Webster or sandy loam with G. 
etunicatus stimulated significantly greater growth than when only pot 
culture filtrate was added. The time of infestation (preplant or post-
plant) was influenced by soil type. In the Nicollet-Webster loam, 
larger trees developed after preplant infestation while the opposite 
was true in the sandy loam. Infestations of nonfumigated soil gave 
larger trees than when no infestations were made. Larger trees had 
more total available N and P in leaf tissue. 
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Table 14. Orthogonal comparisons of growth responses of height (H) at 
given weeks after planting and stem diameter (Dia) at 15 
weeks after planting, and mycorrhizal infection (IF) of 
white ash grown in microplots in 1979 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
Dia. (mm) 7.52 vs 5.32 0.0005 
H8 (mm) 225 vs 159 0.0084 
HI2 (mm) 309 vs 189 0.0014 
H16 (mm) 321 vs 196 0.0013 
IF (%) 79 vs 30 0.0059 
Fumigated soil infested with Glomus fasciculatus, 
Isolate 2 vs Gl. fasciculatus. Isolate 1 
Dia. (mm) 8.14 vs 7.47 0.2303 
H8 (mm) 252 vs 222 0.2488 
H12 (mm) 339 vs 306 0.3404 
H16 (mm) 356 vs 316 0.2801 
IF (7o) 82 vs 79 0.8118 
Fumigated soil infested with Gl. etunicatus vs Gl. fasciculatus, 
Isolate 1 and Isolate 2 
Dia. (mm) 6.95 vs 7.81 0.0914 
H8 (mm) 200 vs 237 0.1206 
K12 (mm) 281 vs 323 0.1851 
H16 (mm) 291 vs 336 0.1724 
IF (%) 78 vs 81 0.8152 
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Table 14. Continued 
Variables Means Probability (PR > F) 
Fumigated soil infested with Gl. fasciculatus. 
Isolate 1 vs Gl. etunicatus 
Dia. (mm) 7.50 vs 6.90 0.3509 
H8 (mm) 222 vs 199 0.4114 
H12 (mm) 305 vs 281 0.4810 
H16 (mm) 316 vs 291 0.5008 
IF (%) 79 vs 78 0.9334 
Fumigated, infested soil vs nonfumigated, noninfested soil 
Dia. (mm) 7.52 vs 4.94 0.0001 
H8 (mm) 226 vs 144 0.0026 
H12 (mm) 307 vs 197 0.0022 
H16 (mm) 317 vs 211 0.0032 
IF (%) 77 vs 84 0.7857 
159 
Table 15. Orthogonal comparisons of growth responses of height (H) at 
given weeks after planting and stem diameter (Dia) at 16 
weeks after planting, and mycorrhizal infection (IF) of 
black walnut grown in microplots in 1979 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
Dia. (mm) 9.55 vs 7.54 0.0410 
H8 (mm) 231 vs 157 0.0134 
H12 (mm) 277 vs 190 0.0165 
H16 (mm) 284 vs 200 0.0217 
IF (7c,) 62 vs 0 0.0013 
Fumigated soil infested with Glomus fasciculatus, 
Isolate 2 vs Gl. fasciculatus. Isolate 1 
Dia. (mm) 10.01 vs 9.14 0.4264 
H8 (mm) 230 vs 223 0.8169 
H12 (mm) 275 vs 266 0.8128 
H16 (mm) 286 vs 272 0.7210 
IF (%) 62 vs 74 0.4547 
Fumigated soil infested with Gl. etunicatus vs Gl^. fasciculatus. 
Isolate 1 and Isolate 2 
Dia. (im) 9.49 vs 9.58 0.9260 
H8 (mm) 238 vs 227 0.6711 
HI2 (mm) 289 vs 271 0.5766 
H16 (mm) 294 vs 279 0.6644 
IF (%) 68 vs 68 1.000 
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Table 15. Continued 
Variables Means Probability (PR > F) 
Fumigated soil infested with Gl. fasciculatus, 
Isolate 1 vs Gl. etunicatus 
Dia. (mm) 9.10 vs 9.50 0.7467 
H8 (mm) 223 vs 238 0.6324 
H12 (mm) 266 vs 289 0.5430 
H16 (mm) 272 vs 294 0.5672 
IF (7o) 74 vs 68 0.6761 
Fumigated, infested soil vs nonfumigated, noninfested soil 
Dia. (mm) 9.55 vs 9.45 0.9095 
H8 (mm) 239 vs 276 0.0765 
H12 (mm) 273 vs 323 0.0661 
HI6 (mm) 277 vs 335 0.0472 
IF (%) 62 vs 84 0.2328 
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Table 16. Orthogonal comparisons of growth responses of height (H) at 
given weeks after planting and stem diameter (Dia) at 16 
weeks after planting, and mycorrhizal infection (IF) of 
poplar clone NC 5326 grown in microplots in 1979 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
Dia. (mm) 6.16 vs 5.19 0.2227 
H8 (mm) 363 vs 311 0.3950 
H12 (mm) 532 vs 431 0.2070 
H16 (mm) 536 vs 436 0.2136 
IF (%) 71 vs 44 0.2286 
Fumigated soil infested with Glomus fasciculatus. 
Isolate 2 vs Gl. fasciculatus, Isolate 1 
Dia. (mm) 6,69 vs 6.61 0.9367 
H8 (mm) 399 vs 401 0.9847 
H12 (mm) 602 vs 567 0.7116 
H16 (mm) 607 vs 570 0.6902 
IF (%) 62 vs 68 0.7826 
Fumigated soil infested with Gl. etunicatus vs Gl. fasciculatus. 
Isolate 1 and Isolate 2 
Dia. (mm) 5.19 vs 6.65 0.0945 
H8 (mm) 288 vs 400 0.0966 
H12 (mm) 428 vs 585 0.0789 
H16 (mm) 430 vs 588 0.0753 
IF (7o) 83 vs 66 0.4496 
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Table 16. Continued 
Variables Means Probability (PR > F) 
Fumigated soil infested with Gl. fasciculatus, 
Isolate 1 vs Gl. etunicatus 
Dia. (mm) 6.60 vs 5.20 0.1501 
H8 (mm) 401 vs 289 0.1476 
H12 (mm) 567 vs 428 0.1635 
H16 (mm) 570 vs 430 0.1612 
IF (7o) 69 vs 83 0.5706 
Fumigated, infested soil vs nonfumigated, noninfested soil 
Dia. (mm) 6.17 vs 3.11 0.0022 
H8 (mm) 355 vs 102 0.0011 
H12 (mm) 553 vs 154 0.0005 
H16 (mm) 556 vs 155 0.0005 
IF (%) 71 vs 83 0.5097 
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Table 17. Orthogonal comparisons of growth responses of height (H) at 
given weeks after planting, stem diameter (Dia) at 16 weeks 
after planting and difference (Diff) in height from planting 
to harvest; and mycorrhizal infection (IF), oven-dried root 
weight (Rwt) and oven-dried stem weight (Swt) of white and 
green ash, and American sycamore grown in microplots in 1980 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
HO (mm) 92 vs 83 0.1704 
H8 (mm) 177 vs 110 0.0001 
H16 (mm) 250 vs 120 0.0001 
IF (%) 55 vs 7 0.0001 
Rwt (gm) 7.21 vs 2.75 0.0006 
Swt (gm) 1.51 vs 0.57 0.0001 
Dia (mm) 3.67 vs 2.68 0.0001 
Diff (mm) 158 vs 37 0.0001 
Fumigated soil infested with Glomus fasciculatus vs Gl. etunicatus 
HO (mm) 90 vs 94 0.5788 
H8 (mm) 184 vs 170 0.1330 
H16 (mm) 252 vs 248 0.8467 
IF (%) 64 vs 46 0.0318 
Rwt (gm) 
I—
1 00 
vs 6.01 0.0526 
Swt (gm) 1.78 vs 1.23 0.0127 
Dia (mm) 4.01 vs 3.34 0.0033 
Diff (mm) 162 vs 154 0.3557 
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Table 17. Continued 
Variables Means Probability (PR > F) 
Nonfumigated soil infested with Gl, fasciculatus 
vs Gl. etunicatus (preplant) 
HO (mm) 166 vs 156 0.1971 
H8 (mm) 210 vs 187 0.0150 
H16 (mm) 249 vs 209 0.0491 
IF (%) 68 vs 60 0.3271 
Rwt (gm) 5.71 vs 5.00 0.5224 
Swt (gm) 2.16 vs 1.60 0.0109 
Dia (mm) 4.50 vs 3.87 0.0049 
Diff (mm) 83 vs 53 0.1282 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (post-plant) 
HO (mm) 103 vs 97 0.4334 
H8 (mm) 167 vs 164 0.6704 
nl6 (mm) 213 vs 201 0.5395 
IF (%) 61 vs 57 0.6302 
Rwt (gm) 7.97 vs 4.98 0.0244 
Swt (gm) 1.72 vs 1.37 0.0950 
Dia (mm) 3.65 vs 3.50 0.4383 
Diff (ffim) 110 vs 104 0.3245 
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Table 17. Continued 
Variables Means Probability (PR > F) 
Noninfested (I) vs preplant and 
post-plant infested nonfumigated soil 
HO (mm) 82 vs 130 0.0001 
H8 (mm) 144 vs 182 0.0001 
H16 (mm) 193 vs 219 0.1105 
IF (%) 44 vs 62 0.0108 
Rwt (gm) 4.98 vs 6.0 0.3394 
Swt (gm) 1.27 vs 1.77 0.0120 
Dia (mm) 3.13 vs 3.88 0.0002 
Diff (mm) 111 vs 89 0.1406 
Preplant vs post-plant infested, nonfumigated soil 
HO (mm) 161 vs 100 0.0001 
H8 (mm) 199 vs 166 0.0001 
H16 (mm) 229 vs 207 0.1147 
IF (%) 64 vs 59 0.3471 
Rwt (gm) 5.36 vs 6.48 0.2042 
Swt (gm) 1.88 vs 1.55 0.0280 
Dia (mm) 4.19 vs 3.57 0.0004 
Diff (mm) 68 vs 107 0,0006 
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Table 18. Orthogonal comparisons of growth responses of height (H) at 
given weeks after planting, stem diameter (Dia) at 16 weeks 
after planting and difference (Diff) in height from planting 
to harvest; and mycorrhizal infection (IF), oven-dried root 
weight (Rwt) and oven-dried stem weight (Swt) of white ash 
grown in microplots in 1980 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
HO (mm) 107 vs 101 0.5899 
H8 (mm) 158 vs 104 0.0006 
H16 (mm) 183 vs 107 0.0002 
IF (%) 52 vs 14 0.0016 
Rwt (gm) 3,70 vs 0.93 0.0518 
Swt (gm) 1.05 vs 0.34 0.0015 
Dia (mm) 3.50 vs 2.50 0.0004 
Diff (mm) 76 vs 6 0.0057 
Fumigated soil infested with Glomus fasciculatus vs Gl. etunicatus 
HO (mm) 104 vs 109 0.6551 
H8 (mm) 169 vs 148 0.1809 
H16 (mm) 192 vs 174 0.4052 
IF (%) 52 vs 52 1.0000 
Rwt (gm) 4.04 vs 3.35 0.7469 
Swt (gm) 1.38 vs 0.72 0.0072 
Dia (mm) 3.97 vs 3.02 0.0021 
Diff (mm) 88 vs 65 0.2755 
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Table 18. Continued 
Variables Means Probability (PR > F) 
Nonfumigated soil infested vith Gl. fasciculatus 
vs Gl. etunicatus (preplant) 
HO (rm) 190 vs 169 0.0896 
H8 (ram) 202 vs 177 0.0548 
H16 (mm) 243 vs 177 0.0034 
IF (%) 56 vs 48 0.5078 
Rwt (gm) 2.87 vs 2.32 0.7999 
Swt (g=) 1.34 vs 0.94 0.0840 
Dia (mm) 4.31 vs 3.58 0.0127 
Diff (mm) 53 vs 8 0. 1692 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (post-plant) 
HO (mm) 115 vs 100 0.2152 
H8 (mm) 155 vs 144 0.4739 
H16 (mm) 181 vs 174 0.7463 
IF (%) 58 vs 66 0.4736 
Rwt (gm) 3.89 vs 3,13 0.7225 
Swt (gm) 1.98 vs 0.91 0.1979 
Dia (mm) 3.36 vs 3.19 0.5308 
Diff (mm) 66 vs 74 0.5144 
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Table 18. Continued 
Variables Means Probability (PR > F) 
Noninfested (I) vs preplant and 
post-plant infested nonfumigated soil 
HO (mm) 82 vs 144 0.0001 
H8 (mm) 95 vs 168 0.0001 
H16 (mm) 123 vs 192 0.0007 
IF (%) 33 vs 57 0.0229 
Rwt (gm) 3.45 vs 3.05 0.8138 
Swt (g=) 0.49 vs 1.10 0.0024 
Dia (mm) 2.60 vs 3.61 0.0001 
Diff (mm) 41 vs 48 0.6779 
Preplant vs post-plant infested, nonfumigated soil 
HO (mm) 180 vs 108 0.0001 
H8 (mm) 186 vs 150 0.0028 
H16 (mm) 207 vs 178 0.0608 
IF (%) 52 vs 62 0.2485 
Rwt (gm) 2.60 vs 3.51 0.5497 
Swt (gm) 1.14 vs 1.05 0.5788 
Dia (mm) 3.95 vs 3.28 0.0022 
Diff (mm) 27 vs 70 0.0132 
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Table 18. Continued 
Variables Means Probability (PR > F) 
Nonfumigated, noninfested (I) soil 
vs post-plant, infested soil 
HO (mm) 82 vs 108 0.0247 
H8 (mm) 95 vs 150 0.0005 
H16 (mm) 123 vs 178 0.0090 
IF (%) 33 vs 62 0.0132 
Rwt (gm) 3.45 vs 3.51 0.9759 
Swt (gm) 0.49 vs 1.05 0.0077 
Dia (mm) 2.60 vs 3.28 0.0081 
Diff (mm) 41 vs 70 0.1472 
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Table 19. Orthogonal comparisons of total N and P levels in stem (S) 
and root (R) tissue of white ash grown in microplots in 1980 
Variables Means Probability (PR > F) 
Noninfested vs infested, nonfumigated soil 
N (R) 35752 vs 31780 0.8162 
P (R) 751 vs 687 0.8510 
N (S) 2445 vs 15074 0.0108 
P (S) 34 vs 288 0.0241 
Nonfumigated, preplant vs post-plant infested soil 
N (R) 27935 vs 35626 0.6165 
P (R) 608 vs 768 0.5967 
N (S) 15995 vs 14154 0.6572 
P (S) 297 vs 278 0.8410 
Infested vs noninfested, fumigated soil 
N (R) 37371 vs 9471 0.1498 
P (R) 742 vs 186 0.1446 
N (S) 19005 vs 5582 0.0119 
P (S) 377 vs 66 0.0122 
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Table 20. Orthogonal comparisons of growth response of height (H) at 
given weeks after planting, stem diameter (Dia) at 16 weeks 
after planting and difference (Diff) in heigjit from planting 
to harvest; and mycorrhizal infection (IF), oven-dried root 
weight (Rwt) and oven-dried stem weight (Swt) of green ash 
grown in microplots in 1980 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
HO (mm) 72 vs 67 0.5610 
H8 (mm) 134 vs 67 0.0001 
H16 (mm) 197 vs 67 0.0001 
IF (%) 51 vs 0 0,0001 
Rwt (gm) 5.59 vs 0.28 0.0104 
Swt (gm) 0.65 vs 0.23 0.0347 
Dia (mm) 2,75 vs 2.05 0.0416 
Diff (mm) 124 vs 0 0.0003 
Fumigated soil infested with Glomus fasciculatus vs Gl. etunicatus 
HO (mm) 74 vs 71 0.8243 
H8 (mm) 130 vs 138 û.52iû 
H16 (mm) 176 vs 218 0.1112 
IF (%) 61 vs 41 0.0854 
Rwt (gm) 6.18 vs 5.00 0.5855 
Swt (gm) 0.68 vs 0.62 0.7730 
Dia (mm) 2.82 vs 2.68 0.1036 
Diff (mm) 102 vs 147 0,1630 
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Table 20. Continued 
Variables Means Probability (PR > F) 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (preplant) 
HO (mm) 121 vs 112 0.4037 
H8 (mm) 132 vs 116 0.2165 
H16 (ma) 142 vs 123 0.6640 
IF (%) 66 vs 58 0.4508 
Rwt (gm) 2.18 vs 2.56 0.8584 
Swt (gm) 0.75 vs 0.63 0.5424 
Dia (mm) 3.35 vs 3.12 0.5475 
Diff (mm) 21 vs 11 0.8427 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (post-plant) 
HO (mm) 79 vs 67 0.3100 
H8 (mm) 116 vs 111 0.6996 
H16 (nzni) 35 vs 121 0.5849 
IF (%) 56 vs 48 0.4609 
Rwt (gm) 4.44 vs 2.90 0.4768 
Swt (gm) 0.79 vs 0.69 0.6406 
Dia (mm) 2.74 vs 2.79 0.8980 
Diff (mm) 56 vs 54 0.9237 
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Table 20. Continued 
Variables Means Probability (PR > F) 
Noninfested (I) vs preplant and 
post-plant infested nonfumigated soil 
HO (mm) 72 vs 94 0.0189 
H8 (mm) 115 vs 119 0.7262 
H16 (mm) 160 vs 130 0.1271 
IF (%) 43 vs 55 0.1780 
Rwt (gm) 3.48 vs 3.02 0.7870 
Swt (gm) 0.47 vs 0.72 0.1465 
Dia (mm) 2.49 vs 3.00 0.0960 
Diff (mm) 88 vs 36 0.0420 
Preplant vs post-plant infested, nonfumigated soil 
HO (mm) 116 vs 73 0.0001 
H8 (mm) 124 vs 113 0.2546 
H16 (mm) 132 vs 128 0.9460 
IF (%) 62 vs 48 0.0980 
Rwt (gm) 2.37 vs 3.67 0.3979 
Swt (gm) 0.70 vs 0.74 0.7764 
Dia (mm) 3.24 vs 2.77 0.0856 
Diff (mm) 16 vs 55 0.0251 
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Table 20. Continued 
Variables Means Probability (PR > F) 
Nonfumigated, noninfested (I) soil 
vs post-plant, infested soil 
HO (mm) 72 vs 73 0.9115 
H8 (mm) 115 vs 113 0.8772 
H16 (mm) 160 vs 128 0.1538 
IF (%) 43 vs 48 0.5774 
Rwt (gm) 3.48 vs 3.67 0.9186 
Swt (gm) 0.47 vs 0.74 0.1503 
Dia (mm) 2.49 vs 2.77 0.3989 
Diff (mm) 88 vs 55 0.1857 
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Table 21, Orthogonal comparisons of total N and P levels in stem (S) 
and root (R) tissue of green ash grown in microplots in 1980 
Variables Means Probability (PR > F) 
Noninfested vs infested, nonfumigated soil 
N (R) 35416 vs 31761 0.8284 
P (R) 750 vs 679 0.8497 
N (S) 7737 vs 15904 0.0065 
P (S) 226 vs 327 0.1801 
Nonfumigated, preplant vs post-plant infested soil 
N (R) 25137 vs 38384 0.3851 
P (R) 616 vs 742 0.7082 
N (S) 10288 vs 21519 0.0002 
P (S) 193 vs 460 0.0008 
Infested vs noninfested, fumigated soil 
N (R) 56031 vs 3408 0.0105 
P (R) 1115 vs 56 0.0180 
N (S) 5699 vs 5512 0.9501 
? (S) 90 vs 67 0.7875 
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Table 22. Orthogonal comparisons of growth response of height (H) at 
given weeks after planting, stem diameter (Dia) at 16 weeks 
after planting and difference (Diff) in height from planting 
to harvest; and mycorrhizal infection (IF), oven-dried root 
weight (Rwt) and oven-dried stem weight (Swt) of sycamore 
grown in microplots in 1980 
Variables Means Probability (PR > F) 
Infested vs noninfested fumigated soil 
HO (mm) 97 vs 80 0.0683 
H8 (mm) 238 vs 104 0.0001 
H16 (mm) 369 vs 205 0.0001 
IF (%) 61 vs 8 0.0001 
Rwt (gm) 12.36 vs 7.05 0.0570 
Swt (gm) 2.82 vs 1.14 0.0028 
Dia (mm) 4.77 vs 3.48 0.0032 
Diff (mm) 272 vs 125 0.0001 
Fumigated soil infested with Glomus fasciculatus vs Gl. etunicatus 
HO (mm) 92 vs 102 0.3325 
H8 (mm) 252 vs 224 0.0285 
H16 (nm) 387 vs 351 0.3489 
IF (%) 77 vs 44 0.0011 
Rwt (gm) 15.03 vs 9.69 0.0936 
Swt (gm) 3.28 vs 2.36 0,1163 
Dia (mm) 5.23 vs 4.31 0.0459 
Diff (mm) 295 vs 249 0.1045 
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Table 22. Continued 
Variables Means Probability (PR > F) 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (prépiant) 
HO (mm) 186 vs 187 0.9782 
H8 (nm) 297 vs 274 0.0760 
H16 (mm) 369 vs 333 0.3387 
IF (%) 82 vs 75 0.4515 
Rwt (gm) 12.08 vs 10.11 0.5202 
Swt (gm) 4.37 vs 3.21 0.0523 
Dia (mm) 5.86 vs 4.90 0.0396 
Diff (mm) 183 vs 146 0.0922 
Nonfumigated soil infested with Gl. fasciculatus 
vs Gl. etunicatus (post-plant) 
HO (mm) 114 vs 123 0.4022 
H8 (mm) 231 vs 236 0.6838 
HI 6 (mm) 323 vs 309 0.7037 
IF (%) 68 vs 65 0.6691 
Rwt (gm) 15.57 vs 8.93 0.0412 
Swt (gm) 3.16 vs 2.51 0.2569 
Dia (mm) 4.86 vs 4.51 0.4300 
Diff (mm) 209 vs 186 0.5107 
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Table 22, Continued 
Variables Means Probability (PR > F) 
Noninfested (I) vs preplant and 
post-plant infested nonfumigated soil 
HO (mm) 93 vs 152 0.0001 
H8 (mm) 220 vs 260 0.0006 
H16 (mm) 296 vs 334 0.2098 
IF (%) 56 vs 73 0.0277 
Rwt (gm) 8.01 vs 11.67 0.1408 
Swt (gm) 2.87 vs 3.31 0.3227 
Dia (mm) 4.29 vs 5.03 0.0441 
Diff (mm) 203 vs 182 0,6025 
Preplant vs post-plant infested, nonfumigated soil 
HO (mm) 186 vs 119 0.0001 
H8 (mm) 286 vs 234 0.0001 
H16 (mm) 351 vs 316 0.1966 
IF (%) 79 vs 67 0.0627 
Rwt (gm) 11.10 vs 12.25 0.5926 
Swt f \ 3.79 vs 2.84 0.0261 
Dia (mm) 5.38 vs 4.69 0.0356 
Diff (mm) 165 vs 197 0.1538 
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Table 22. Continued 
Variables Means Probability (PR > P) 
Nonfumigated, noninfested (I) soil 
vs post-plant, infested soil 
HO (mm) 93 vs 119 0.0085 
H8 (ram) 220 vs 234 0.2114 
H16 (mm) 296 vs 316 0.5295 
IF (%) 56 vs 67 0.1824 
Rwt (gm) 8.01 vs 12.25 0.1211 
Swt (gm) 2.87 vs 2.84 0.9460 
Dia (mm) 4.29 vs 4.69 0.3055 
Diff (mm) 203 vs 197 0.9011 
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Table 23. Orthogonal comparisons of total N and P levels in stem (S) 
and root (R) tissue of sycamore grown in microplots in 1980 
Variables Means Probability (PR > F) 
Noninfested vs infested, nonfumigated soil 
N (R) 76935 vs 110523 0.2316 
P (R) 1703 vs 2706 0.1274 
N (S) 50507 vs 43757 0.6756 
P (S) 777 vs 767 0.9695 
Nonfumigated, preplant vs post-plant infested soil 
N (R) 110262 vs 112135 0.8955 
P (R) 2722 vs 2689 0.9536 
N (S) 48263 vs 39251 0.5523 
P (S) 837 vs 696 0.5609 
Infested vs noninfested, fumigated soil 
N (R) 116980 vs 92864 0.2062 
P (R) 2735 vs 1795 0.0859 
N (S) 36186 vs 8128 0.0947 
P (S) 632 vs 99 0.0520 
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Table 24. Orthogonal comparisons of height (H) at given weeks after 
planting; and stem diameter (Dia), leaf area (LA), oven-
dried root weight (Rwt), oven-dried leaf weight (Lwt), oven-
dried stem weight (Swt), and mycorrhizal infection (IF) and 
intensity (IT) after 12 weeks of white ash grown in the 
greenhouse 
Variables Means Probability (PR > F) 
Sandy loam soil vs Nicollet-Webster loam soil 
HI (mm) 57 vs 59 0.6448 
H3 (mm) 80 vs 86 0.1234 
H5 (mm) 111 vs 131 0.0010 
H7 (mm) 151 vs 175 0.0065 
H9 (mm) 211 vs 244 0.0404 
HIO (mm) 243 vs 281 0.0545 
HI 2 (mm) 323 vs 377 0.0553 
Dia (mm) 6.03 vs 7.29 0.0001 
LA 
, 2. (cm ) 794 vs 1056 0.0001 
Rwt (gm) 1.60 vs 2.60 0.0001 
Lwt (gm) 233 vs 413 0.0001 
u
 
> 
C/
J 
(gm) 1.77 vs 2.66 0.0001 
IF (%) 54 vs 55 0.8842 
IT 14 vs 10 0.0843 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Mycorrhizal trees vs nonmycorrhizal trees in Nicollet-Webster soil 
HI (mm) 58 vs 59 0.9391 
H3 (mm) 87 vs 81 0.4628 
H5 (mm) 138 vs 93 0.0001 
H7 (mm) 190 vs 99 0.0001 
H9 (mm) 271 vs 110 0.0001 
HIO (mm) 313 vs 117 0.0001 
HI 2 (mm) 419 vs 167 0.0001 
Dia (mm) 8.10 vs 3.23 0.0001 
LA (cmf) 1240 vs 140 0.0001 
Rwt (gm) 3.07 vs 0.27 0.0001 
Lwt (gm) 487 vs 42 0.0001 
Swt (gm) 3.13 vs 0.28 0.0001 
IF /»/% \ '»/ 65 vs 0 0.0001 
IT 13 vs 0 0.0016 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Mycorrhizal trees vs notmycorrhizal trees in sandy loam soil 
HI (mm) 56 vs 62 0.2666 
H3 (mm) 80 vs 81 0.9599 
H5 (mm) 117 vs 86 0.0052 
H7 (mm) 163 vs 88 0.0001 
H9 (mm) 235 vs 88 0.0001 
HIO (mm) 274 vs 89 0.0001 
H12 (mm) 368 vs 100 0.0001 
Dia (mm) 6.79 vs 2.24 0.0001 
LA 
/ 2. (cm ) 940 vs 66 0.0001 
Rwt (gm) 278 vs 8 0.0001 
Swt (gm) 2.10 vs 0.09 0.0001 
IF (%) 65 vs 0 0.0001 
XT 17 vs 0 0.0001 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in nonfumigated 
Nicollet-Webster loam soil, infested with Glomus etunicatus 
HI (mm) 65 vs 57 0.2507 
H3 (mm) 94 vs 81 0.1585 
H5 (mm) 146 vs 119 0.0514 
H7 (mm) 213 vs 163 0.0212 
H9 (mm) 323 vs 239 0.0364 
HIO (mm) 381 vs 286 0.0457 
H12 (mm) 530 vs 408 0.0745 
Dia (mm) 8.02 vs 7.28 0.1384 
LA (cmf) 1380 vs 1141 0.1709 
Rwt (gm) 2.79 vs 2.23 0.1073 
rt
 (gm) 540 vs 414 0.0326 
Swt (gm) 3.39 vs 2.45 0.0335 
IF (%) 73 vs 67 0.3173 
IT 16 vs 12 0.4143 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 60 vs 54 0.4211 
H3 (mm) 82 vs 81 0.9655 
H5 (mm) 103 vs 127 0.0896 
H7 (mm) 140 vs 184 0.0387 
H9 (mm) 207 vs 271 0.1057 
KiO (mm) 248 vs 312 0.1751 
H12 (mm) 361 vs 420 0.3803 
Dia (mm) 6.23 vs 7.15 0.0643 
La 
, 2. (cm ) 706 vs 938 0.1831 
Rwt (gm) 1.54 vs 2.28 0.0356 
Lwt (gm) 252 vs 339 0.1346 
Swt (gm) 1.79 vs 2.56 0.0787 
IF (%) 66 vs 76 0.1099 
IT 20 vs 21 0.9347 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Infested with Gl. etunicatus (preplant and post-plant) vs 
noninfested in nonfumigated Nicollet-Webster loam soil 
HI (mm) 61 vs 55 0.3947 
H3 (ram) 87 vs 70 0.0407 
H5 (mm) 132 vs 95 0.0025 
H7 (mm) 188 vs 132 0.0035 
H9 (mm) 281 vs 202 0.0247 
HIO (mm) 334 vs 240 0.0255 
H12 (mm) 469 vs 385 0.1561 
Dia (mm) 7.66 vs 6.34 0.0033 
LA (cmf; 1261 vs 928 0.0304 
Rwt (gm) 2.51 vs 1.54 0.0020 
Lwt (gm) 477 vs 306 0.0013 
Swt (gm) 2.92 vs 1.80 0.0044 
IF (%) 70 vs 73 0.5876 
IT 14 vs 16 0.7053 
187 
Table 24. Continued 
Variables Means Probability (PR > F) 
Infested with Gl. etunicatus (preplant and post-plant) vs 
noninfested in nonfumigated sandy loam soil 
HI (mm) 57 vs 56 0.9011 
H3 (mm) 81 vs 72 0.2445 
H5 (mm) 115 vs 93 0.0650 
H7 (mm) 162 vs 134 0.1252 
H9 (mm) 239 vs 211 0.4113 
HIO (mm) 280 vs 262 0.6701 
H12 (mm) 390 vs 403 0.8213 
Dia (mm) 6.69 vs 6.11 0.1748 
LA (cm ) 822 vs 743 0.5915 
rt
 (gm) 1.91 vs 1.20 0.0190 
rt
 (gm) 295 vs 250 0.3625 
Swt (gm) 2.17 vs 1.81 0.3402 
IF (%) 71 vs 76 0.3145 
IT 19 vs 25 0.2056 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Prépiant treatment vs post-plant treatment in fumigated 
Nicollet-Webster loam soil, infested with Gl. etunicatus 
HI (mm) 59 vs 55 0.6096 
H3 (mm) 99 vs 89 0.2831 
H5 (mm) 166 vs 167 0.9178 
H7 (mm) 219 vs 224 0.8263 
H9 (mm) 295 vs 297 0.9433 
HID (mn) 324 vs 335 0.8244 
H12 (mm) 360 vs 408 0.4747 
Dia (mm) 9.54 vs 9.30 0.6202 
LA (cm^) 1201 vs 1548 0.0497 
Rwt (gm) 4.27 vs 4.50 0.5127 
Lwt (gm) 511 vs 663 0.0111 
Swt (gm) 3.68 vs 4.34 0.1330 
If (./»; 31 vs oz Û.Ù744. 
IT 11 vs 9 0.8059 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in fumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 53 vs 55 0.7879 
H3 (mm) 80 vs 83 0.7135 
H5 (mm) 119 vs 140 0.1196 
H7 (mm) 159 vs 199 0.0614 
H9 (mm) 211 vs 275 0.1079 
HiO (mm) 232 vs 313 0.0906 
H12 (mm) 260 vs 394 0.0513 
Dia (mm) 6.68 vs 7.76 0.0321 
LA 
/ 2\ (cm ) 530 vs 859 0.0621 
Rwt (gm) 1.95 vs 2.52 0.1013 
Lwt (gm) 213 vs 336 0.0382 
Swt (gm) 1.73 vs 2.60 0.0512 
IF (%) 46 vs 61 0.0200 
IT 11 vs 8 0.5949 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Preplant infested vs noninfested in nonfumigated 
Nicollet-Webster loam soil, infested with Gl. etunicatus 
HI (mm) 65 vs 55 0.6096 
H3 (mm) 94 vs 70 0.0146 
H5 (mm) 146 vs 95 0.0005 
H7 (mm) 213 vs 132 0.0004 
H9 (mm) 323 vs 202 0.0034 
HIO (mm) 381 vs 240 0.0041 
H12 (mm) 530 vs 385 0.0360 
Dia (mm) 8.02 vs 6.34 0.0013 
LA (cm^) 1380 vs 928 0.0116 
Rwt (gm) 2.79 vs 1.54 0.0007 
Lwt (gm) 540 vs 306 0.0002 
Swt (gm) 3.39 vs 1.80 0.0006 
IF (%) 73 vs 73 0.9741 
IT 16 vs 16 0.9347 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Preplant infested vs noninfested in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 60 vs 56 0.6096 
H3 (mm) 82 vs 72 0.3025 
H5 (mm) 103 vs 93 0.4446 
H7 (mm) 140 vs 134 0.7747 
H9 (mm) 207 vs 211 0.9150 
HIO (mm) 248 vs 262 0.7522 
H12 (mm) 361 vs 403 0.5255 
Dia (mm) 6.23 vs 6.11 0.8073 
LA (cmf) 706 vs 743 0.8360 
Rwt (gm) 1.54 vs 1.20 0.3108 
Lwt (gm) 252 vs 250 0.9724 
Swt (gm) 1.79 vs 1.81 0.9485 
IF (%) 66 vs 76 0.0968 
IT 20 vs 25 0.2548 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Post-plant infested vs noninfested in nonfvuaigated 
Nicollet-Webster loam soil, infested with Gl. etunicatus 
HI (mm) 55 vs 57 0.8717 
H3 (mm) 70 vs 81 0.2737 
H5 (mm) 95 vs 119 0.0820 
H7 (mm) 132 vs 163 0.1464 
H9 (mm) 202 vs 239 0.3545 
HIO (mm) 240 vs 286 0.3351 
H12 (mm) 385 vs 408 0.7381 
Dia (mm) 6.34 vs 7.28 0.0595 
LA (cm^) 928 vs 1141 0.2212 
Rwt (gm) 1.54 vs 2.23 0.0487 
Lwt (gm) 306 vs 414 0.0688 
Swt (gm) 1.80 vs 2.45 0.1400 
IF (%) 73 vs 67 0.3330 
IT 16 vs 12 0.4622 
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Table 24. Continued 
Variables Means Probability (PR > F) 
Post-plant infested vs noninfested in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 54 vs 56 0.7673 
H3 (mm) 81 vs 72 0.3229 
H5 (mm) 127 vs 93 0.0159 
H7 (mm) 184 vs 134 0.0198 
H9 (mm) 271 vs 211 0.1297 
HIO (mm) 312 vs 262 0.2947 
HI 2 (mm) 420 vs 403 0.8066 
Dia (mm) 7.15 vs 6.11 0.0376 
LA (cm^) 938 vs 743 0.2586 
Rwt (gm) 2.28 vs 1.20 0.0026 
Pt
 (gm) 339 vs 250 0.1262 
Swt (gm) 2.56 vs 1.81 0.0897 
IF (%) 76 vs 76 0.9483 
IT 21 vs 25 0.2899 
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Table 25. Orthogonal comparisons of total nitrogen (N) and phosphorus 
(P) levels in leaf tissues of white ash grown in the green­
house 
Variables Means Probability (PR > F) 
Mycorrhizal trees vs nonmycorrhizal trees in 
sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 37702 vs 23390 0.0001 
N (L) 60988 vs 76870 0.0014 
P (SL) 628 vs 36 0.0029 
P (L) 1106 vs 118 0.0001 
Sandy loam soil vs Nicollet-Webster loam soil 
N 31808 vs 52105 0.0001 
P 529 vs 941 0.0001 
Preplant vs post-plant in infested, fumigated sandy loam (SL) 
and Nicollet-Webster (L) soils, infested with Gl. etunicatus 
N (SL) 37841 vs 40499 0.7955 
N (L) 71182 vs 84401 0.2062 
? (SL) 595 vs 571 0.7054 
P (L) 1206 vs 1386 0.3724 
Post-plant infested with Gl. etunicatus vs noninfested, 
nonfumigated in sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 43913 vs 37040 0.5048 
N (L) 54103 vs 31347 0.0637 
P (SL) 779 vs 652 0.5277 
P (L) 1072 vs 573 0.0266 
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Table 25. Continued 
Variables Means Probability (PR > F) 
Preplant vs post-plant in nonfumigated sandy loam (SL) and 
Nicollet-Webster (L) soils, infested with Gl. etunicatus 
N (SL) 29218 vs 43913 0.1619 
N (L) 63906 vs 54103 0.3442 
P (SL) 442 vs 779 0.1015 
P (L) 1295 vs 1072 0.2716 
Infested with Gl. etunicatus vs noninfested, nonfumigated 
sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 36566 vs 37040 0.9574 
N (L) 59004 vs 31347 0.0148 
P (SL) 611 vs 652 0.8061 
P (L) 1184 vs 573 0.0042 
196 
Table 26. Orthogonal comparisons of height (H) at given weeks after 
planting; and stem diameter (Dia), leaf area (LA), oven-
dried root weight (Rwt), oven-dried leaf weight (Lwt), oven-
dried stem weight (Swt), and mycorrhizal infection (IF) and 
intensity (IT) after 12 weeks of sycamore grown in the 
greenhouse 
Variables Means Probability (PR > F) 
Sandy loam soil vs Nicollet-Webster loam soil 
HI (mm) 13 vs 17 0.0024 
H3 (ram) 20 vs 26 0.0002 
H5 (mm) 39 vs 53 0.0001 
H7 (mm) 83 vs 110 0.0001 
H9 (mm) 160 vs 206 0.0001 
HIO (mm) 213 vs 263 0.0005 
H12 (mm) 382 vs 464 0.0001 
Dia (mm) 5.97 vs 7.03 0.0001 
LA (cnf) 911 vs 1281 0.0001 
Rwt (gm) 1.95 vs 2.80 0.0011 
Lwt (gm) 350 vs 498 0.0001 
Swt (gm) 1.36 vs 2,10 0.0001 
IF (%) 58 vs 60 0.5009 
IT 10 vs 12 0.2314 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Mycorrhizal trees vs nonmycorrhizal trees in Nicollet-Webster soil 
HI (mm) 17 vs 14 0.2999 
H3 (mm) 27 vs 19 0.0048 
H5 (mm) 57 vs 33 0.0001 
H7 (mm) 120 vs 65 0.0001 
H9 (mm) 220 vs 136 0.0001 
HIO (mm) 279 vs 187 0.0009 
HI2 (mm) 475 vs 408 0.0490 
Dia (mm) 7.28 vs 5.79 0.0020 
LA (cm^) 1347 vs 949 0.0002 
Rwt (gm) 2.97 vs 1.97 0.0371 
Lwt (gm) 526 vs 360 0.0016 
Swt (gm) 2.26 vs 1.29 0.0006 
IF (%) 70 vs 0 0.0001 
IT 14 vs 0 0.0001 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Mycorrhizal trees vs nomnycorrhizal trees in sandy loam soil 
HI (mm) 13 vs 11 0,4919 
H3 (mm) 21 vs 17 0.2659 
H5 (mm) 43 vs 22 0.0001 
H7 (mm) 92 vs 37 0.0001 
H9 (mm) 176 vs 79 0.0001 
KIO (mm) 232 vs 115 0.0001 
H12 (mm) 402 vs 281 0.0007 
Dia (mm) 6.25 vs 4.54 0.0005 
LA (cmf) 1007 vs 434 0.0001 
Rwt (gm) 1.98 vs 1.77 0.6509 
Lwt (gm; 388 vs 155 0.0001 
rt
 (gm) 1.53 vs 0.51 0.0003 
IF (%) 69 vs 0 0.0001 
IT 12 vs 0 0.0001 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in nonfumigated 
Nicollet-Webster loam soil, infested with Glomus etunicatus 
HI (mm) 18 vs 17 0.7730 
H3 (mm) 27 vs 25 0.6394 
H5 (mm) 50 vs 43 0.2803 
H7 (mm) 105 vs 93 0.3605 
H9 (mm) 197 vs 184 0.6262 
HIO (mm) 258 vs 250 0.8298 
H12 (mm) 453 vs 446 0.8721 
Dia (mm) 6.96 vs 7.09 0.8236 
LA (cm ) 1178 vs 1172 0.9651 
Rwt (gm) 2.53 vs 2.30 0.7140 
Lwt (gm) 458 vs 452 0.9328 
Swt (gm) 1.93 vs 1.80 0.7051 
IF (%) 69 vs 66 0.7234 
IT 13 vs 12 0.7784 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 14 vs 12 0.5172 
H3 (ram) 20 vs 19 0.9532 
H5 (mm) 35 vs 41 0.3401 
H7 (mm) 72 vs 86 0.3016 
H9 (mm) 147 vs 167 0.4566 
HIO (mm) 201 vs 225 0.4823 
H12 (mm) 379 vs 400 0.6296 
Dia (mm) 5.92 vs 6.24 0.5964 
LA (cm ) 976 vs 1024 0.7117 
Rwt (gm) 1.65 vs 1.81 0.7891 
Lwt (gm) 336 vs 386 0.4366 
Swt (gm) 1.22 vs 1.35 0.6963 
IF (%) 72 vs 75 0.7234 
IT 15 vs 13 0.6732 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Infested with Gl. etunicatus (preplant and post-plant) vs 
noninfested in nonfumigated Nicollet-Webster loam soil 
HI (mm) 17 vs 18 0.9336 
H3 (mm) 26 vs 25 0.7351 
H5 (mm) 47 vs 41 0.2560 
H7 (mm) 99 vs 83 0.1821 
H9 (mm) 191 vs 165 0.2562 
HIO (mm) 254 vs 219 0.2262 
HI2 (mm) 449 vs 428 0.5652 
Dia (mm) 7.03 vs 6,63 0.4368 
LA 
, 2. (cm ) 1175 vs 1186 0.9239 
Rwt (gm) 2.41 vs 2.10 0.5538 
Lwt (gm) 455 vs 431 0.6617 
Swt (gm) 1.87 vs 1.74 0.6671 
IF (%) 68 vs 53 0.0148 
IT 13 vs 14 0.7453 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Infested with Gl. etunicatus (preplant and post-plant) vs 
noninfested in nonfumigated sandy loam soil 
HI (mm) 12 vs 14 0.5889 
H3 (mm) 20 vs 17 0.3288 
H5 (mm) 38 vs 31 0.2135 
H7 (mm) 79 vs 70 0.4204 
H9 (mm) 157 vs 152 0.8397 
HIO (mm) 213 vs 210 0.9176 
H12 (mm) 390 vs 373 0.6616 
Dia (mm) 6.08 vs 5.93 0.7744 
LA 
/ 2, (cm ) 1000 vs 859 0.2084 
Rwt (gm) 1.73 vs 1.72 0.9863 
Lwt (gm) 361 vs 329 0.5599 
Swt (gm) 1.28 vs 1.49 0.4869 
IF (%) 73 vs 62 0.0709 
IT 14 vs 18 0.1717 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in fumigated 
Nicollet-Webster loam soil, infested with Gl. etunicatus 
HI (mm) 16 vs 17 0.7730 
H3 (mm) 30 vs 28 0.6817 
H5 (mm) 76 vs 74 0.6549 
H7 (mm) 164 vs 154 0.4619 
H9 (mm) 286 vs 268 0.4845 
HIO (mm) 344 vs 323 0.5277 
H12 (mm) 531 vs 519 0.7827 
Dia (mm) 7.81 vs 7.91 0.8659 
LA 
, 2. (cm ) 1558 vs 1640 0.5252 
Rwt (gm) 4.26 vs 3.68 0.3355 
Lwt (gm) 640 vs 646 0.9303 
Swt (gm) 2.97 vs 2.87 0.7629 
IF (%) 78 vs 69 0.1790 
IT 16 vs 13 0.3272 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant treatment vs post-plant treatment in fumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 12 vs 14 0.6141 
H3 (mm) 23 vs 24 0.8604 
H5 (mm) 49 vs 58 0.1551 
H7 (mm) 103 vs 129 0.0628 
H9 (mm) 189 vs 223 0.1994 
HIO (mm) 245 vs 279 0.3101 
H12 (mm) 403 vs 457 0.2251 
Dia (mm) 6.27 vs 6.87 0.3136 
LA (cmf) 1013 vs 1163 0.2454 
Rwt (gm) 2.17 vs 2.57 0.5119 
Lwt (gm) 390 vs 501 0.6878 
Swt (gm) 1.58 vs 2.02 0.1952 
IF (%) 70 vs 67 0.5958 
IT 1Ô vs 15 0.8881 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant infested vs noninfested in nonfnmigated 
Nicollet-Webster loam soil, infested with Gl, etunicatus 
HI (mn) 17 vs 18 0.8287 
H3 (mm) 25 vs 25 0.9532 
H5 (mm) 43 vs 41 0.6549 
H7 (mm) 93 vs 83 0.4802 
H9 (mm) 184 vs 165 0.4566 
HIO (mm) 250 vs 219 0.3449 
H12 (mm) 446 vs 428 0.6758 
Dia (mm) 7.09 vs 6.63 0.4328 
LA (cm^) 1172 vs 1186 0.9167 
Rwt (gm) 2.30 vs 2.10 0.7412 
Lwt (gm) 452 vs 431 0.7361 
Swt (gm) 1.80 vs 1.74 0.8544 
IF (%) 66 vs 53 0.0496 
IT 12 vs 14 0.6732 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Preplant infested vs noninfested in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 14 vs 14 0.8853 
H3 (mm) 20 vs 17 0.3811 
H5 (mm) 35 vs 31 0.5444 
H7 (mm) 72 vs 70 0.8566 
H9 (mm) 147 vs 152 0.8430 
HIO (mm) 201 vs 210 0.7928 
HI 2 (mm) 379 vs 373 0.8903 
Dia (mm) 5.92 vs 5.93 0.9865 
LA 
, 2. (cm ) 976 vs 859 0.3627 
Rwt (gm) 1.65 vs 1.72 0.9053 
Lwt (gm) 336 vs 329 0.9080 
Swt (gm) 1.22 vs 1,49 0.4260 
IF (%) 72 vs 62 0.1612 
IT 15 vs 18 0.3272 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Post-plant infested vs noninfested in nonfumigated 
Nicollet-Webster loam soil, infested with Gl. etunicatus 
HI (mm) 18 vs 18 0.9425 
H3 (mm) 27 vs 25 0.5982 
H5 (mm) 50 vs 41 0.1300 
H7 (mm) 105 vs 83 0.1090 
H9 (mm) 197 vs 165 0.2210 
HIO (mm) 258 vs 219 0.2479 
H12 (mm) 453 vs 428 0.5630 
Dia (mm) 6.96 vs 6.63 0.5733 
LA 
X 2, (cm ) 1178 vs 1186 0.9515 
Rwt (gm) 2.53 vs 2.10 0.4869 
Lwt (gm) 458 vs 431 0.6737 
Swt (gm) 1.93 vs 1.74 0.5746 
IF (%) 69 vs 53 0.0220 
IT 13 vs 14 0.8881 
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Table 26. Continued 
Variables Means Probability (PR > F) 
Post-plant infested vs noninfested in nonfumigated 
sandy loam soil, infested with Gl. etunicatus 
HI (mm) 12 vs 14 0.4292 
H3 (mm) 19 vs 17 0.4134 
H5 (mm) 41 vs 31 0.1223 
H7 (mm) 86 vs 70 0.2263 
H9 (mm) 167 vs 152 0.5839 
HIO (mm) 225 vs 210 0.6580 
H12 (mm) 400 vs 373 0.5355 
Dia (mm) 6.24 vs 5,93 0.6081 
LA 
/ 2, (cm ) 1024 vs 859 0.2032 
Rwt (gm) 1.81 vs 1.72 0.8818 
Lwt (gm) 386 vs 329 0.3724 
Swt (gm) 1.35 vs 1.49 0.6833 
IF (%) 75 vs 62 0.0818 
IT 13 vs 18 0.1640 
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Table 27. Orthogonal comparisons of total nitrogen (N) and phosphorus 
(P) levels in leaf tissues of sycamore grown in the green­
house 
Variables Means (|i.g/plant) Probability (PR > F) 
Mycorrhizal trees vs nonmycorrhizal trees in 
sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 45818 vs 18717 0.0017 
N (L) 65865 vs 33642 0.0016 
P (SL) 774 vs 316 0.0085 
P (L) 1100 vs 575 0.0096 
Sandy loam soil vs Nicollet-Webster loam soil 
N 41301 vs 60495 0.0001 
P 698 vs 1013 0.0011 
Preplant vs post-plant in infested, fumigated sandy loam (SL) 
and Nicollet-Webster (L) soils, infested with Gl. etunicatus 
N (SL) 45428 vs 58000 0.1990 
N (L) 76571 vs 83618 0.4652 
P (SL) 743 vs 926 0.3659 
P (L) 1217 vs 1500 0.1669 
Post-plant infested with Gl. etunicatus vs noninfested, 
nonfumigated in sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 46267 vs 36603 0.3194 
N (L) 59155 vs 56155 0.7439 
P (SL) 770 vs 678 0.6476 
P (L) 1018 vs 927 0.6504 
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Table 27. Continued 
Variables Means (pg/plant) Probability (PR > F) 
Preplant vs post-plant in nonfumigated sandy loam (SL) and 
Nicollet-Webster (L) soils, infested with etunicatus 
N (SL) 42792 vs 46267 0.5893 
N (L) 53962 vs 59155 0.6633 
P (SL) 755 vs 770 0.3742 
P (L) 838 vs 1018 0.8144 
Infested with Gl. etunicatus vs noninfested, nonfumigated 
sandy loam (SL) and Nicollet-Webster (L) soils 
N (SL) 44530 vs 36603 0.4037 
N (L) 56559 vs 56021 0.9483 
P (SL) 763 vs 678 0.7192 
P (L) 928 vs 927 0.9949 
Figure 8. Spores of species of the Endogonaceae used in microplot 
and greenhouse studies 
1. Glomus fasciculatus. Isolate 2 (ISU #182); line = 25 pm 
2. Glomus fasciculatus. Isolate 2 (ISU #182), spores in a 
poplar (NC 5323) root segment; line = 200 w 
3. Glomus fasciculatus, Isolate 1 (ISU #161); line = 25 M-m 
4. Glomus etunicatus (ISU #192). Note the hyaline outer 
coat (arrow); line = 25 urn 
\ 
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